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Report  of  the  Metropolitan  District  Water  Supply  Commission 


To  the  Honorable  the  Senate  and  House  of  Representatives  of  the  Commonwealth 
of  Massachusetts  in  General  Court  Assembled. 
The   Metropolitan  District  Water   Supply   Commission,  established   under   the 
provisions  of  Chapter  375  of  the  Acts  of  the  year   1926,   respectfully  presents 
for  the  year  ending  November  30,   1930,  its 

FIFTH  ANNUAL  REPORT 

I.     Organization   and   Administration 
There  was  no   change  in  the  personnel  of  the   Commission   during   the  year. 
Davis    B.    Keniston    continued    as    chairman,   and    Charles    M.    Davenport    and 
Joseph  H.  Soliday  as  associate   commissioners.     R.   Nelson   Molt   continued  as 
secretary. 

The  clerical  force  of  the  Commission's  office  at  Boston  remained  the  same 
throughout  the  year,  and  three  special  agents,  under  the  direction  of  the  Com- 
mission, continued  to  care  for  property  acquired  by  the  Commission  in  the  Swift 
River  and  Ware  River  areas.  Real  Estate  purchasing  agents  and  conveyancers 
and  other  experts  were  employed  as  needed.  The  engineering  and  clerical 
force  of  the  engineering  department  averaged   123  employees  during  the  year. 

II.     Engineering  Department 

Frank  E.  Winsor  continued  as  chief  engineer,  and  Karl  R.  Kennison  as  design- 
ing engineer  and  Walton  H.   Sears  as  mechanical   engineer. 

The  field  divisions  were  in  charge  of  three  division  engineers  as  follows: 
Wachusett-Coldbrook  Tunnel  division,  William  W.  Peabody;  Coldbrook-Swift 
Tunnel  division,  Richard  R.  Bradbury;  Swift  River  Reservoir  division,  N.  LeRoy 
Hammond. 

X.  H.  Goodnough,  Chief  Engineer  of  the  State  Department  of  Public  Health, 
and  J.  Waldo  Smith,  formerly  Chief  Engineer  of  the  New  York  Board  of 
Water  Supply,  continued  as  consulting  engineers.  Charles  T.  Main  of  Boston 
was  employed  from  time  to  time  as  consulting  engineer  on  mill  and  water 
power  damages,  and  Dr.  Charles  P.  Berkey  of  Columbia  University  continued 
as  geologist.    Other  consultants  were  employed  from  time  to  time  as  needed. 

III.  Offices 
The  office  of  the  Commission  and  of  the  Chief  Engineer  continued  in  the 
Boston  Five  Cents  Savings  Bank  Building  at  24  School  Street,  Boston.  The 
three  division  offices  for  the  Wachusett-Coldbrook  Tunnel,  the  Coldbrook-Swift 
Tunnel  and  the  Swift  River  Reservoir  Divisions  continued  at  Holden  Center, 
Hardwick  Center  and  Enfield,  respectively.  The  laboratory  for  water  analysis, 
established  in  1928,  was  removed  to  Enfield  during  the  year  to  premises  owned 
by  the  Commonwealth.  The  additional  facilities  secured  thereby  were  utilized 
in  soil  testing,  as  well  as  for  carrying  on  water  analysis. 

IV.     Real  Estate 

During  the  year  104  new  applications  to  the  Commission  were  added  to  the 
1,436  previously  received  from  owners  of  real  estate  located  in  or  near  the 
Swift  River  Valley,  making  a  total  to  date  of  1,540  applications  seeking  to 
sell  to  the  Commission  a  total  of  60,787  acres  within  this  area.  The  Commission 
has  concluded  the  purchase  of  or  has  under  option  a  total  of  43,077  acres. 
Settlements  were  made  for  land  takings  along  the  line  of  the  Wachusett-Coldbrook 
Tunnel  and  additional  land  was  acquired  for  sanitary  protection  in  the  Ware 
River  watershed  above  the  intake  works  at   Coldbrook. 

The  Commission  continued,  through  duly  appointed  agents,  the  direction  of 
the  town  government  of  the  town  of  Prescott,  as  provided  by  Chapter  340  of 
the  Acts  of  1928.  A  financial  statement  for  the  town  is  included  in  the  Com- 
mission's report   to   the  Commissioner   of   Corporations  and   Taxation. 
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V.    Progress 

(a)  General.  —  The  bill  in  Equity  filed  by  the  State  of  Connecticut  in  the 
United  States  Supreme  Court  against  the  Commonwealth  of  Massachusetts, 
objecting  to  and  seeking  to  enjoin  the  diversions  from  the  Ware  River  and 
Swift  River,  authorized  by  the  Massachusetts  Legislature  is  still  pending.  The 
Honorable  Charles  W.  Bunn  of  St.  Paul,  Minn.,  on  December  2,  1929,  was 
appointed  by  the  United  States  Supreme  Court  as  Special  Master  to  take 
evidence  of  witnesses,  and  to  make  a  report  of  his  findings  of  fact  and  of 
law  to  the  Court.  Hearings  were  held,  starting  February  18,  and  ending  March 
21,  1930,  at  Boston,  Mass.,  and  Hartford,  Conn.,  and  final  arguments  of  counsel 
were  made  at  St.  Paul,  Minn.,  on  April  23,  and  24,  1930.  On  May  19,  1930, 
the  Special  Master  filed  his  report  with  the  United  States  Supreme  Court, 
recommending  that  the  bill  in  equity  filed  by  the  State  of  Connecticut  be  dis- 
missed. The  Commonwealth  of  Massachusetts  was  represented  by  the  Honorable 
Joseph  E.  Warner,  Attorney  General,  and  the  Honorable  Bentley  W.  Warren 
as  Special  Counsel,  together  with  Gerald  J.  Callahan,  Esquire,  and  R.  Ammi 
Cutter,   Esquire,  as  Associate   Counsel. 

(b)  Southern  Sudbury  Emergency  Supply.  —  The  Commission  has  consum- 
mated the  settlement  of  all  the  claims  for  taking  of  real  estate  and  diversion 
damages  in  the  Southern  Sudbury  Emergency  Supply  growing  out  of  the  prose- 
cution of  the  work  authorized  under  the  provisions  of  Chapter  111  of  the 
Acts   of    1927. 

(c)  Ware  River  Supply. —  Work  was  continued  by  the  West  Construction  Co., 
Assignee,  under  two  contracts,  numbered  14  and  17,  for  the  construction  of 
the  Wachusett-Coldbrook  Tunnel,  and  approximately  5.2  miles  of  tunnel  were 
excavated,  completing  the  total  excavation  of  14.2  miles  of  tunnel.  The  concrete 
lining  of  the  side  walls,  arch  and  invert,  or  floor,  of  the  tunnel,  was  carried 
on,  and  13.9  miles  of  side  walls  and  arch,  and  6.5  miles  of  invert  work  was 
completed.  The  substructure  of  the  outlet  works  of  the  Wachusett-Coldbrook 
Tunnel  into  the  upper  end  of  the  Wachusett  Reservoir  at  Shaft  1,  West  Boylston 
was  practically  completed.  Contract  No.  19  for  the  construction  of  a  low 
diversion  dam  across  the  Ware  River  at  the  White  Valley  Mill  Pond  in  Barre, 
Mass.,  for  diverting  the  waters  permitted  to  be  diverted  of  the  Ware  River 
at  Shaft  8,  and  for  the  construction  of  the  substructure  of  the  Intake  Works 
was   nearly    completed. 

Contracts  numbered  24  and  25  were  awarded  to  Munroe  &  Westcott,  Inc., 
North  Attleboro,  on  July  23,  1930,  for  the  construction  respectively  of  the 
superstructure  of  the  Intake  Building  for  the  Ware  River  Intake  Works  at 
Shaft  8  of  the  Wachusett-Coldbrook  Tunnel  in  the  town  of  Barre,  and  for 
the  construction  of  the  superstructure  of  the  Outlet  Works  at  Shaft  1  of  the 
Wachusett-Coldbrook  Tunnel  in  the  town  of  West  Boylston,  and  work  was 
in  progress  under   these   contracts. 

A  contract  numbered  26  was  awarded  to  Anderson-Coffey  Co.,  Inc.,  of  Boston. 
Mass.,  on  September  24,  1930,  for  furnishing  and  installing  electrical  equipment 
at  the  outlet  works  at  Shaft  1  of  the  Wachusett-Coldbrook  Tunnel  in  the 
town   of  West  Boylston. 

A  contract  numbered  27  was  awarded  to  Raymond  A.  Bergesson,  of  Sagamore. 
Mass.,  on  September  24,  1930,  for  filling  earth  areas  along  the  banks  of  the 
Ware  River  in  the  Town  of  Barre,  above  the  intake  works  at  Shaft  8  of  the 
Wachusett-Coldbrook  Tunnel. 

(d)  Swift  River  Supply.  —  Real  Estate  and  topographic  surveys  were  con- 
tinued during  the  year.  When  requested  by  relatives  or  others  interested,  bodies 
were  removed  from  the  reservoir  area  and  interred  in  other  cemeteries,  selected  by 
those   interested. 

VI.     Recommendation 

The  construction  of  the  Ware  River  works  for  diverting  the  flood  waters 
of  the  Ware  River  for  the  Metropolitan  suoply  will  be  so  far  completed  that 
trn^  source  of  supply  can  be  used  during  the  year   1931. 

The  Commission  has  purchased  some  properties  as  a  protection  to  the  sup- 
ply,   and    in    conjunction    with    the    Department    of    Public    Health    has    made 
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studies   of  possible   sources   of  pollution   and    the   best   methods   of   elimination. 

There  are  several  public  and  other  hospitals  and  institutions  within  the  water- 
shed, the  sanitary  sewage  from  which  constitutes  a  serious  source  of  pollution. 

The  best  method  of  elimination  of  this  source  of  pollution  appears  to  be  by 
the  construction  of  a  sewer  connecting  these  institutions  and  discharging  into 
the  Worcester  sewerage  system. 

It  is  hoped  that  favorable  arrangements  can  be  made  with  these  institutions, 
as  well  as  with  some  of  the  towns  within  the  area,  by  which  a  fair  contribution 
to  the  cost  of  construction  of  this  sewer  may  be  obtained,  and  with  the  city 
of  Worcester  for  receiving  and  disposing  of  the  sewage. 

It  is  doubtful  if  the  provisions  of  Chapter  375  of  the  Acts  of  1926  are 
broad  enough  to  authorize  the  construction  of  this  sewer,  and  it  is  recommended 
that  a  special  act  be  passed  substantially  in  the  form  of  the  bill  submitted 
herewith.  The  cost  should  be  paid  from  funds  already  provided  for  extending 
and   increasing   the   water   supply  of   the   Metropolitan   water   system. 

VII.    Financial 
The  Commission  appends  hereto  a  statement  of  its  expenditures  and  disburse- 
ments for  the  fiscal  year,  and  from  the  date  of  its  appointment. 

VIII.    Other  Reports 
The  report  of  the  Chief  Engineer  is  herewith  presented. 

Respectfully  submitted, 
Davis  B.  Keniston,  Chairman 
Charles  M.  Davenport,  Associate  Commissioner 
Joseph  H.  Soliday,  Associate  Commissioner 

Metropolitan  District  Water  Supply  Commission. 
20  Somerset  Street,  Boston,  Massachusetts. 
January  13,  1931 
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Report  of  the  Chief  Engineer 


To  the  Metropolitan  District  Water  Supply  Commission. 

Gentlemen  :  —  The  following  is  a  report  of  the  engineering  department  for 
the  year  ending  November  30,  1930. 

Organization 

In  numbers  the  engineering  organization  has  not  materially  changed  during 
the  year. 

Karl  R.  Kennison,  Designing  Engineer,  continued  in  charge  of  all  studies  in 
connection  with  the  general  plan  of  the  work  and  the  design  of  structures,  the 
preparation  of  contract   specifications,   contract   and  working   drawings. 

Charles  L.  Coburn  and  Stanley  M.  Dore,  Assistant  Designing  Engineers,  con- 
tinued their  general  supervision  of  the  detailed  work  of  the  office. 

Walton  H.  Sears,  Mechanical  Engineer,  continued  in  charge  of  the  collection 
of  data  in  connection  with  mill  and  water  power  damages.  He  has  assisted 
in  the  design  of  work  of  a  mechanical  engineering  nature  and  in  the  preparation 
of  contract  specifications. 

Three  division  engineers  continued  in  charge  of  field  divisions  as  follows: 
William  W.  Peabody,  Wachusett-Coldbrook  Tunnel  Division;  Richard  R.  Brad- 
bury, Coldbrook-Swift  Tunnel  Division;  N.  LeRoy  Hammond,  Swift  River  Reser- 
voir Division. 

Walter  H.  Junkins,  Chemist,  continued  in  charge  of  the  Springfield  Laboratory 
for  water  analyses  which  on  May  1  was  moved  from  Springfield  to  Enfield  and 
placed  under  the  general  supervision  of  the  Swift  River  Reservoir  Division. 

X.  H.  Goodnough,  Chief  Engineer  of  the  State  Department  of  Public  Health 
until  his  retirement  on  October  23,  and  J.  Waldo  Smith,  formerly  Chief  Engineer 
of  the  New  York  Board  of  Water  Supply,  continued  as  Consulting  Engineers. 
Dr.  Charles  P.  Berkey  of  Columbia  University  has  advised  on  geological  matters. 
Charles  T.  Main,  consulting  engineer  of  Boston,  and  other  experts  were  employed 
from  time   to  time   as   required. 

The  employees  under  the  direction  of  the  Chief  Engineer  at  the  end  of  the 
year  and  of  the  preceding  year  were  as  follows: 


Personnel  of  Engineering  Department 

Classification 
Headquarters   Office,   Chief  Engineer  and  Designing  Division 
Chief    Engineer 
Designing  Engineer 
Mechanical   Engineer 
Assistant    Designing    Engineers 
Assistant     Engineers 
Draftsmen  .... 

Instrumentmen 
Senior    Stenographer 
Stenographers 

Clerks        ..... 
File    Clerks      .  . 

Office    Boy        .... 

Holden  Office,  Wachusett-Coldbrook  Tunnel  Division  : 
Division    Engineer    ........ 

Assistant    Engineers         ....... 

Draftsmen         ......... 

Instrnmentmen  ........ 

Rodmen      .......... 

Axemen     .  ......... 

Inspectors  ......... 

Stenographer  ........ 


Nov.  30, 
1929 

1 
1 
1 
2 
9 
7 
1 
1 
3 
2 
2 
1 


Nov.  30, 
1930 

1 
1 
1 
2 

8 
7 

1 
4 
2 

1 
1 


31 

29 

1 

1 

8 

8 

2 

2 

3 

5 

3 

3 

7 

2 

9 

30 

1 

1 

34 


52 
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Nov.  30, 

Classification  1929 
Hardwick:  Office,  Coldbrook-Swift  Tunnel  Division  : 

Division    Engineer            .         .         .         ...         .         .          .         ♦  1 

Assistant    Engineers         ......•••  4 

Draftsmen         ...........  2 

Instrumentmen          ..........  4 

Rodmen    ..............  4 

Axemen     .        .         .         .         .         .         .         .         .         .         .         .  4 

Inspectors         .         .         .         .          .         .         .         .          .                   .  3 

Gage  Tender     ...........  1 

Stenographer    ...........  1 

24 
Enfield  Office,  Swift  River  Reservoir  Division  : 

Division  Engineer     .          .          .          .          .          .          .          .          .  1 

Assistant    Engineers         .........  6 

Draftsmen         ...........  1 

Instrumentmen          .         .         .         .         .         .         ...         .  6 

Inspector  ...........— 

Rodmen      .        .         .         .         .         .         ...         .         .          .  7 

Axemen      .        .         .         .         .         .         .                   .          .         .         •  4 

Clerk .  - 

Stenographer    ........... 

Caretaker          ...........  1 

Chemist      ............— 

Laboratory    Assistant       .                   .         .         .         .          .          .         •  - 

27 
Springfield  Laboratory  * 

Chemist     ............  1 

Assistant    Engineer            .........  1 

Assistant     Chemist          .........  1 

Instrumentman          ,         .         .         .         ...         .         .          .         .  1 

Boatman    ............  1 

Clerk 1 


Nov.  30, 
1930 

1 
5 
2 
4 
4 
1 
3 
1 
1 


22 


24 


6 

122 


127 


Total    Engineering    Force        ...... 

*  Transferred  to  Swift  River  Reservoir  Division  on  May  1. 

The  maximum  force  during  the  year  was  130.  during  the  weeks  ending  July 
12  to  August  16,  inclusive.  The  minimum  force  was  118,  during  the  weeks 
ending  January  18  to  February  15,  inclusive,  and  during  the  week  ending  May  3. 
The  average  force  for  the  year  was   123. 

Offices 
The  office  of  the  Chief  Engineer  and  Designing  Division  was  continued  in 
the  Boston  Five  Cents  Savings  Bank  Building  at  24  School  Street,  Boston.  The 
field  office  of  the  Wachusett-Coldbrook  Tunnel  Division  was  continued  at  Wash- 
burn Hall,  Holden  Center.  The  field  office  of  the  Coldbrook-Swift  Tunnel  Division 
was  continued  in  the  brick  building  formerly  used  as  a  school  at  Hardwick 
Center.  The  field  office  of  the  Swift  River  Reservoir  Division  was  continued 
in  the  property  of  the  Commission  formerly  known  as  the  Frances  W.  Chandler 
house  on  Quabbin  Road.  The  laboratory  for  water  analysis  was  continued  in 
the  Markarian  Building,  175  State  Street,  Springfield,  until  the  first  week  in 
May,  during  which  the  personnel  and  equipment  were  moved  to  Enfield  and 
re-established  in  property  of  the  Commonwealth  formerly  known  as  the  Barlow 
House  in  Enfield  where  also  a  laboratory  for  soil  testing  was  established  in  the 
Swift  River  Reservoir  Division. 

Headquarters  Office 

Summary  of  Year's  Work 
Connecticut  Case.  —  In  connection  with  the  bill  in  equity  filed  by  the  State 
of  Connecticut  in  the  United  States  Supreme  Court  against  the  Commonwealth 
of  Massachusetts,  seeking  to  enjoin  the  diversions  from  the  Ware  and  Swift  rivers, 
data  was  prepared  for  the  use  of  the  attorneys  and  experts  in  the  preparation 
and  presentation  of  testimony  and  arguments  before  Charles  W.  Bunn,  Special 
Master,  who  was  appointed  by  the  Court  on  December  2,  1929.  Hearings  before 
the  Special  Master  were  held  from  February  18  to  March  21  in  Boston  and 
Hartford  and  arguments  of  counsel  were  presented  in  St.  Paul,  Minn.,  April  23 
and  24,  1930.  The  Special  Master  filed  his  report  with  the  Court  on  May  19. 
The  case  is  still  pending. 
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Real  Estate.  —  In  the  Swift  River  Reservoir  area,  1,798  acres  were  offered 
for  sale  by  their  owners  this  year,  making  a  total  so  offered  to  date  of  60,787 
acres.  Reports  and  recommendations  were  submitted  to  the  Commission  with 
respect  to  purchasing  the  same. 

Progress   of   Real  Estate   Negotiations  for  Swift   River  Reservoir 
Owners'  Offers  to  Sell  to  Commonwealth 

Area  Not  Title  Vested  In 

Number  of     Total  Area        Required  Commonwealth 

.    Offers  (Acres)  (Acres)  (Acres) 

Total    for   Year    ending    Nov.    30,    1930         104  1.798  1,048  5,876 

Total    to    Nov.    30,    1929  .  .  .      1,436  58,989  7,081  34,786 

Total    to    Nov.    30,    1930  .  .  .      1,540  60,787  8,129  40,662 

Options  Outstanding  Nov.  30,  1930  include  2.415  Acres. 

Acreage  is  mainly  based  upon  estimates  obtained  from  deeds  or  other  information  and 
not  from  surveys. 

Preliminary   studies   were   continued  of  highway   and   railroad   relocations. 

One  taking  plan  covering  18  parcels  of  land  in  the  town  of  Hopkinton  was 
prepared  and  filed  during  the  year.  These  parcels  were  swamp  lands  bordering 
the  open  channel  constructed  by  the  Commission  to  divert  the  waters  of  Whitehall 
Pond  into  Hopkinton  Reservoir. 

Contracts  and  Specifications. — Working  drawings  for  contracts  14,  17  and  1Q 
were  prepared  and  issued  and  monthly  estimates  were  prepared  for  contract 
18.  Plans  and  specifications  were  prepared  for  extending  the  Wachusett-Coldbrook 
tunnel  to  the  Swift  River  by  constructing  the  Coldbrook-Swift  tunnel  in  the 
towns  of  Barre,  Hardwick  and  Greenwich. 

Plans  and  specifications  were  prepared  for  contract  24,  for  constructing  the 
superstructure  of  the  intake  building  for  the  Ware  River  intake  works  at  Shaft  8 
of  the  Wachusett-Coldbrook  tunnel  in  the  town  of  Barre;  and  for  contract  25, 
for  constructing  the  superstructure  of  the  outlet  works  at  Shaft  1  of  the 
Wachusett-Coldbrook  tunnel  in  the  town  of  West  Boylston.  Both  contracts 
were  executed  on  July  23rd.  Subsequently,  working  drawings,  which  included 
the  preparation  of  shop  details  of  the  structural  steel,  were  prepared,  covering 
the  work  of  construction. 

Plans  and  specifications  were  prepared  for  contract  26,  for  furnishing  and  in- 
stalling power  and  lighting  wiring  and  electrical  equipment  at  the  outlet  works  at 
Shaft  1  of  the  Wachusett-Coldbrook  tunnel,  in  the  town  of  West  Boylston.  The 
contract  was  executed  September  24th. 

Plans  and  specifications  were  prepared  for  contract  27,  for  filling  with  earth 
areas  along  the  bank  of  the  Ware  River  in  the  town  of  Barre.  The  contract  was 
executed  September  23rd. 

Inspection  and  Tests.  —  E.  L.  Conwell  and  Company  of  Philadelphia,  Pa.,  con- 
tinued the  testing  of  cement.  The  Worcester  Polytechnic  Laboratory  continued 
the  testing  of  concrete  cylinders.  William  R.  Conard  of  Burlington,  New  Jersey, 
continued  with  mill  inspection  of  control  valves  and  equipment  for  the  WTare  River 
intake  works  at  Shaft  8.  The  inspection  of  the  castings  made  under  contract  18 
was  continued  by  the  engineering  force  who  also  inspected  the  steel  tunnel  bulk- 
head required  for  the  tunnel  west  of  Shaft  8,  miscellaneous  equipment  furnished 
for  the  Ware  River  intake  works  under  Contract  19  and  structural  steel  work 
furnished  under  Contracts  24  and  25. 

Hydrographic  Data.  —  The  gaging  station  on  the  Ware  River  at  Coldbrook  was 
continued  in  cooperation  with  the  United  States  Geological  Survey  and  further 
discharge  measurements  were  made  from  time  to  time  to  define  the  rating  curve 
more  exactly. 

The  gaging  station  on  the  Chicopee  River  at  the  United  Electric  Light  Company 
plant  at  Bircham  Bend  was  continued  in  cooperation  with  that  company  and  also 
with  the  United  States  Geological  Survey  and  further  discharge  measurements  were 
made  to  define  the  rating  curves  of  the  water  wheels  and  the  dam  more  exactly. 

The  gaging  station  on  the  Swift  River  at  the  plant  of  the  Boston  Duck  Mills 
of  the  Otis  Company  at  Bondsville  was  continued. 

The  gaging  station  on  the  Connecticut  River  at  Thompsonville,  Connecticut, 
located  at  the  "Enfield  Dam,"  so  called,  was  continued  in  cooperation  with  the 
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United  States  Geological  Survey  and  further  measurements  were  made  to  define 
the  rating  curves  of  the  dam  and  canal  more  exactly. 

In  connection  with  the  examination  of  the  waters  of  the  Ware,  Swift,  and 
Chicopee  rivers,  observations  of  flow  were  continued  from  time  to  time  and 
additional  temporary  gaging  stations  established  as  required. 

Tercentenary  Exhibition.  —  The  Commission  participated  in  an  exhibition  of  the 
activities  of  the  various  departments  of  the  Commonwealth  which  was  shown  at 
the  Eastern  States  Exposition  in  West  Springfield,  Massachusetts,  from  September 
14  to  20,  inclusive,  and  at  the  Commonwealth  Armory  in  Boston  from  September 
29  to  October  12,  inclusive.  Exhibits  prepared  for  this  purpose  included  a  large 
wall  map  of  the  Metropolitan  District  and  its  water  supply  sources,  bordered  by 
photographs  of  the  principal  features  of  the  existing  works,  the  sites  of  the  pro- 
posed construction  on  the  Ware  and  Swift  rivers,  and  views  of  the  work  under 
construction.  These  photographs  included  a  number  of  aerial  photographs  made 
for  the  purpose  of  this  exhibit,  and  showed  prominent  features  of  the  existing 
water  supply,  and  of  the  work  under  construction  and  also  the  sites  of  proposed 
work.  The  exhibits  also  included  a  large  perspective  water  color  drawing  of  the 
Ware  River  intake  works.  The  Commission  also  took  and  exhibited  motion 
pictures  of  its  construction  work  and  of  other  activities  of  the  Metropolitan 
District  Commission.  Members  of  the  engineering  force  were  present  to  show 
the  pictures  and  explain  the  exhibits. 

Design  of  Structures 

Shaft  1.  Outlet  Works.  —  The  superstructure  of  the  outlet  works  was  designed 
to  present  an  attractive  appearance  and  to  require  a  minimum  of  maintenance. 
The  exterior  walls  are  of  granite  with  a  slightly  reddish  tinge  from  quarries  in 
Townsend,  Massachusetts.  The  inside  wall  surface  to  a  height  of  about  five  feet 
and  around  the  window  and  door  openings  is  of  tile  of  variable  brown  tones.  Above 
the  five  foot  level  a  slightly  mottled  face  brick  of  lighter  tone  is  used.  Door  and 
window  frames  are  of  bronze.  The  roof  is  of  slate  on  precast  gypsum  slabs.  The 
building  has  a  structural  steel  frame  work  which  provides  the  necessary  wind 
bracing  in  walls  and  roof  and  supports  the  roof  and  the  bridge  crane  girders.  Steel 
roof  members  will  be  encased  in  a  protective  coating  of  cement  mortar.  The 
building  is  intended  to  house  a  possible  future  hydro-electric  generating  unit  and 
gates  to  control  the  discharge  from  the  tunnel  into  the  reservoir.  At  present,  no 
equipment  will  be  installed  in  the  building  except  the  traveling  bridge  crane,  the 
venturi  meter  and  the  pumping  equipment  required  to  unwater  the  tunnel.  The 
traveling  bridge  crane  which  was  purchased  but  not  installed  has  two  hoists.  The 
main  hoist  with  a  capacity  of  20  tons,  and  a  lift  of  35  feet,  will  be  hand  operated 
and  is  intended  for  the  handling  of  future  tunnel  control  gates  and  hydro-electric 
equipment.  An  auxiliary  hoist  with  a  capacity  of  5  tons  and  a  lift  of  240  feet, 
will  be  electrically  operated  and  will  serve  to  handle  stop  shutters  in  the  outlet 
channel,  loads  into  and  out  of  the  tunnel  through  the  main  waterway  shaft  and 
the  900  h.p.  motor  and  its  20  mil.  gal.  daily  capacity  centrifugal  pump  at  the 
bottom  of  the  unwatering  pump  shaft.  The  facing  of  the  concrete  abutments  of 
the  existing  dam  across  the  Quinapoxet  River  near  the  tunnel  outlet  channel  at 
Shaft  1  with  stone  masonry  was  included  in  Contract  25,  for  constructing  the 
superstructure  of  the  outlet  works. 

Shaft  8.  Ware  River  Intake  Works.  —  The  superstructure  of  the  Ware  River 
intake  works  is  similar  in  design  to  that  of  the  outlet  works  at  Shaft  1.  The 
oil  burning  steam  heating  plant  which  was  installed  in  the  basement  under 
Contract  19  was  designed  to  be  extended  to  take  care  of  heating  the  super- 
structure. An  air-lift  water  supply  was  designed  to  take  a  supply  from  a  seam 
in  sound  bed  rock  which  was  encountered  at  a  depth  of  about  90  feet  when 
Shaft  8  was  first  excavated.  The  air  compressor  required  in  the  operation  of 
the  main  control  valves  at  the  top  of  Shaft  8  has  been  adapted  for  use  with 
this  air  lift  and  the  necessary  piping,  including  an  air  lift  foot  piece  at  a  depth 
of  about  170  feet  was  embedded  in  the  concrete  behind  the  cast  iron  lining 
at  Shaft  8.  This  air  lift  has  been  in  satisfactory  operation  by  the  Contractor 
during  the  greater  part  of  the  year. 
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Studies  were  made  of  the  requirements  for  crane  service  and  a  traveling  bridge 
crane  was  purchased  having  a  single  electrically  operated  hoist  with  a  capacity 
of  1\  tons  and  a  lift  of  80  feet.  It  is  intended  for  the  handling  of  heavy 
equipment  such  as  the  valve  and  meter  castings  in  the  main  valve  pit.  By  a 
change  in  the  reeving  which  can  be  made  at  any  time,  this  hoist  will  have  a 
capacity  of  one-half  ton  and  a  lift  of  302  feet  and  will  serve  to  handle  loads 
into  and  out  of  the  tunnel  through  an  opening  provided  in  the  bottom  of  the 
main  valve  pit.  It  will  also  serve  to  handle  screens,  racks  and  stop  shutters 
that  are  provided  across  the  inlets  to  the  various  siphon  spillways  and  sluice 
gates  and,  through  openings  in  the  main  floor,  stop  shutters  that  are  provided 
in  the  crests  of  all  the  siphon  spillways. 

Shaft  4.  Superstructure.  —  Studies  were  made  of  the  requirements  at  the  top 
of  Shaft  4  for  a  building  to  house  hoisting  equipment  to  provide  access  to 
the  tunnel  and  to  allow  for  handling  a  boat  into  and  out  of  the  tunnel.  Future 
inspection  of  the  tunnel  may  be  made  by  boat  between  Shafts  12  and  4  and 
possibly  easterly  to  Shaft  3.  Inspection  of  the  tunnel  east  of  Shaft  3  cannot 
be  made  by  a  boat. 

Main  Dam  and  Dike.  —  Studies  were  continued  of  the  location  of  the  main 
dam  and  dike  for  the  proposed  Swift  River  Reservoir  and  of  the  requirements 
for  a  diversion  tunnel  in  sound  bed  rock  through  the  hill  which  forms  the  west 
abutment  of  the  dam,  to  control  the  flow  of  the  river  during  the  construction 
of  the  main  dam. 

Water  Supply  Yield.  —  Studies  were  made  of  the  safe  yield  of  the  combined 
sources  of  water  supply  both  existing  and  proposed,  including  the  preliminary 
diversion  of  the  Middle  and  East  Branch  of  the  Swift  river. 

Power  for  Dam  and  Tunnel  Extension.  —  Studies  were  continued  of  the  power 
requirements  for  construction  of  the  main  dam  and  dike  of  the  Swift  River 
Reservoir  and  of  the  proposed  Coldbrook-Swift  Tunnel. 

Tunnel  Extension  to  Swift  River  Reservoir.  —  Progress  was  made  on  plans 
and  specifications  for  the  extension  of  the  tunnel  westerly  from  Coldbrook 
to  the  proposed  Swift  River  Reservoir.  The  location  of  four  shafts  was  deter- 
mined, numbered  9  to  12  inclusive.  Shaft  12  is  located  near  the  flow  line 
of  the  Swift  River  Reservoir  and  will  serve  as  the  intake  from  the  reservoir, 
provision  being  made  for  drawing  water  from  various  elevations  and  for  operating 
stop  shutters  and  screens  from  a  building  located  over  this  shaft.  Access  by 
boat  to  the  completed  Swift-Wachusett  Tunnel  is  provided  at  three  points,  namely 
shafts  4,  9,  and  12.  A  pier  in  the  center  of  the  tunnel,  at  shafts  4  and  9,  will 
allow  stop  planks  to  be  inserted  from  a  working  platform  just  above  the  tunnel 
roof,  to  facilitate  not  only  the  inspection  of  the  tunnel  by  boat  or  otherwise, 
but  also  at  shaft  9  to  create  a  sump  for  a  supplementary  tunnel  unwatering 
pump.  A  chamber  will  be  excavated  near  the  bottom  of  shaft  9,  in  which  such 
a  pump  may  be  installed.  Access  to  the  tunnel  may  also  be  obtained  through 
manholes  in  the  superstructure   at   shafts   1    and   8. 

Tunnel  Markers.  —  Tiles  for  marking  stations  along  the  tunnel  have  been 
purchased  and  are  being  installed.  These  are  hard  burned  "Ohio  flint"  paving 
tiles  6"  x  6"  with  the  station  numbers  in  "Tuscan  inlay."  These  are  being 
fastened  with  bronze  bolts  to  the  south  tunnel  wall  and  are  4-|  feet  above  the 
invert   grade   and   at   intervals   of    500    feet   along  the    tunnel. 

Protection  of  Water  Supply.  —  Studies  for  removal  of  sewage  from  parts  of 
Rutland  and  Holden  to  safeguard  the  water  supply  of  the  Metropolitan  District 
were  made  and  a  bill  providing  for  a  trunk  sewer  was  prepared  for  submission 
to  the  legislature. 

Springfield  Laboratory 

At  the  Laboratory  in  Springfield  the  analyses  of  water  samples  taken  in  the 
Connecticut  River  and  its  tributaries  were  continued  until  early  in  May.  and 
studies  were  made  of  the  quality  of  water  in  the  Ware,  Swift  and  Chicopee 
rivers.  After  the  first  week  in  May  the  personnel  and  equipment  were  re- 
established   in   the    Swift   River  Reservoir   Division    at    Enfield. 


P.D.   147.  9 

Wachusett-Coldbrook  Tunnel  Division  —  Holden  Office 

The  Wachusett-Coldbrook  Tunnel  Division  continued  in  charge  of  the  con- 
struction of  the  Wachusett-Coldbrook  Tunnel,  with  the  exception  of  Shaft  8, 
and  has  charge  of  the  construction  of  the  tunnel  outlet  works  at  Shaft  1.  The 
division  office  was  continued  at  Holden  Center  and  six  field  offices  at  Shafts 
1,  2,  4,  5,  6  and  7.  The  field  office  at  Shaft  6  was  discontinued  about  August  2, 
when  work  at  this  shaft  was  sufficiently  completed  to  permit  dismantling  the 
construction  plant. 

Office  Work 

Tunnel  sections  were  plotted  and  excavation  and  masonry  volumes  computed 
therefrom.  Semi-monthly  estimates  were  prepared  for  Contracts  14  and  17, 
and  monthly  estimates  for  Contracts  10  and  25.  Additional  geological  field  notes 
and  specimens  were  prepared  for  a  permanent  geological  record.  Studies  were 
continued  of  the  character  of  materials  available  for  concrete  aggregates  from 
the  tunnel  excavations  and  these  data  applied  as  required  as  the  various  concreting 
plants   for  placing  the  tunnel  lining  were   constructed. 

Field  Work 

Lines  and  grades  were  given  for  construction  work  on  Contracts  14,  17  and  25. 
Photographs  of  the  construction  work  and  of  the  rock  formations  of  geological 
interest  in  the   tunnel  were   continued. 

Weekly  observations  of  water  color  samples  along  the  Ware  River  and  its 
tributaries  were  continued.  After  June  17  these  observations  were  made  by 
the  Coldbrook-Swift  Tunnel  Division   office. 

The  State  Department  of  Public  Health  continued  its  cooperation  with  this 
division  in  the  analysis  of  samples  of  drinking  water  used  in  the  different  con- 
tractors' camps  and  of  sewage  effluents,  and  also  continued  its  seasonal  investi- 
gations of  mosquito  breeding  with  reference  to  the  prevention  of  malaria. 

Records  were  kept  of  the  amount  of  cement  used  and  required  to  be  used 
at  all  points  of  the  work  including  that  portion  of  the  tunnel  under  the  supervision 
of  the  Coldbrook-Swift  Tunnel  Division,  the  total  amount  used  during  the  year 
being  well  over  200,000  bbls.  The  inspectors  employed  to  test  the  cement 
at   the  mills  before  shipment  were  kept  advised  in  advance  of  all  requirements. 

Progress   of   Contracts 

Contract  10.  —  Contract  10  with  the  New  England  Power  Company,  for 
constructing,  maintaining  and  operating  a  22,000-volt  transmission  line  along 
the  Wachusett-Coldbrook  Tunnel  line,  was  in  force  throughout  the  year.  Cost 
of  operation  and  maintenance  for  the  twelve  months  ending  October  1st  was 
$9,069.92. 

Electrical  power  was  purchased  from  this  company  by  the  contractors  on 
Contracts  14  and  17.  The  total  power  furnished  during  the  vear  was  15,439.600 
KWH  including  line  and  transformer  losses.  This  total  after  line  losses  (but 
including  transformer  losses)  was  distributed  to  the  different  shafts  as  follows: 


KWH 

Shaft  1 

Shaft  2 

3,597,176 

Shaft  3 

0 

Shaft  4 

2,917,526 

Shaft  5 

1,836,725 

Shaft  6 

983,790 

Shaft  7 

2,404.298 

Shaft  8 

3,293,448 

Total          .... 

15,341,429 

The  power  was  furnished  continuously  throughout  the  year  with  only  a  few 
minor  interruptions. 

Wachusett-Coldbrook  Tunnel.  —  Work  on  the  tunnel  was  prosecuted 
throughout  the  year  under  Contracts  14  and  17  by  the  West  Construction  Co., 
who  continued  to  lease  from  the  Commission  various  buildings  at  West  Rutland 
as  general  headquarters,  and  to  employ  local  physicians  who  made  weekly  reports 
on  the  health  of  the  contractors'   employees  and   on  the  sanitary   condition  at 
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each  of  the  contractors'  camps.    The  progress  of  excavating  and  lining  the  entire 
length  of  the  tunnel  is  shown  graphically  on  a  chart  appended  to  this  report. 

Briefly  stated,  the  excavation  was  completed  and  the  concrete  lining  begun 
and  nearly  completed  during  the  year.  The  following  is  a  summary  of  the 
differences  in  line  and  grade  at  the  points  where  the  excavations  met  between  shafts. 


Shaft 

Distance  Apart 

Line 

-Difference 

Grade 

Point  of  Meeting 

1—2 

9,902  ft. 

.33  ft. 

.01  ft. 

836  ft.   from  Shaft  1 

2 — 3 

9,167  ft. 

1.85  ft. 

.02  ft. 

8,537  ft.  from  Shaft  2 

3—4 

8,819  ft. 

.81   ft. 

.04  ft. 

1,481   ft.   from   Shaft  3 

4 — 5 

11,633  ft. 

.24  ft. 

.02  ft. 

5,814  ft.  from   Shaft  4 

5—6 

11,102  ft. 

.49  ft. 

.13  ft. 

6.329  ft.  from   Shaft  5 

6 — 7 

9,232  ft. 

.31  ft. 

.07  ft. 

4,732  ft.   from   Shaft  6 

7 — 8 

10,048  ft. 

.09  ft. 

.14  ft. 

5,545  ft.   from   Shaft  7 

For  lining  the  tunnel  with  concrete,  materials  were  crushed  and  proportioned 
on  the  surface,  dropped  down  the  shaft,  and  transported  along  the  tunnel  to 
the  mixer,  from  which  the  concrete  was  forced  by  compressed  air  into  the 
space  between  the  irregular  rock  walls  and  the  smooth  steel  forms.  These  forms 
were  collapsible  and  moved  ahead  a  section  at  a  time,  the  entire  operation  being 
continuous.  The  invert  or  floor  was  poured  separately,  the  operation  resembling 
the  building  of  a  long  concrete  sidewalk.  The  method  of  lining  is  described 
in  detail  hereinafter. 

Contract  14.  —  Contract  14  is  for  the  construction  of  the  east  portion  of 
the  Wachusett-Coldbrook  Tunnel  through  West  Boylston,  Holden  and  Rutland 
and  extends  from  Shaft  1  at  the  upper  end  of  the  Wachusett  Reservoir  near 
Oakdale  to  a  point  which  was  established  during  the  year  at  5,814  feet  west 
of  Shaft  4  and  5,819  feet  east  of  Shaft  5.  At  the  end  of  the  year  about  96% 
of  the  value  of  the  work  had  been  completed.  This  included  the  completion 
of  Shaft  1  and  of  that  portion  of  the  substructure  of  the  outlet  works  that  was 
required  under  this  contract.  It  also  included  the  completion  of  the  tunnel 
excavation,  a  length  of  about  7,911  feet  of  tunnel  being  excavated  during  the 
year,  making  a  total  under  this  contract  of  29,892  feet,  and  a  total  continuous 
length  under  this  and  previous  contracts  of  33,702   feet. 

The  tunnel  was  completely  lined  for  a  length  of  1,036  feet,  and  in  addition 
31,215  feet  of  side  walls  and  arch  were  placed.  A  length  of  526  feet  was  lined 
in  the  previous  year,  and  there  remain  to  be  lined  under  this  contract  925  feet 
of  side  walls  and  arch  and  32,140   feet   of  invert. 

Three  complete  tunnel  concrete  plants  were  used  for  placing  the  sidewalls 
and  arch  and  were  moved  from  point  to  point  as  required  along  the  entire 
length  of  the  Wachusett-Coldbrook  Tunnel,  irrespective  of  contract  limits. 

The  value  of  work  included  in  contract  estimates  during  the  year  was 
$1,398,896.17  or  a  total  to  November  15,  the  date  of  the  last  estimate,  of 
$3,231,296.96  of  which  $3,033,167.26  or  about  94%  has  been  approved  for 
payment. 

Shaft  1.  —  No  further  tunnel  excavation  or  lining  was  done  from  this  shaft. 
the  total  distance  excavated  being  836  feet.  At  the  beginning  of  the  year, 
the  steel  linings  of  the  waterway  and  pump  shafts,  and  the  concrete  outside 
these  linings  with  the  pump  discharge  and  ventilating  pipes  embedded  therein 
had  been  placed  up  to  about  elevation   367. 

At  the  end  of  the  year  all  work  was  completed  except  a  small  amount  of 
grading,  placing  of  gratings  and  covers  over  openings  at  the  top  of  shaft, 
removing  office  building  and  pumping  equipment,  and   cleaning  up. 

Concreting  inside  the  steel  lining  at  the  bottom  of  the  pump  shaft  was  begun 
on  December  8  and  continued  until  February  5  when  this  lining  had  reached 
elevation  367  near  the  top  of  the  steel  lining  then  in  place,  after  which  the 
galvanized  iron  ladder,  landing  platforms,  and  6"  pipe  casing  for  the  deep 
well  sump  pump  were  installed  for  this  portion  of  the  shaft.  A  continuous 
staging   was    carried   up   the   shaft   with   the   lining. 

On  February  24,  work  was  begun  on  placing  concrete  at  the  bottom  of  the 
waterway  shaft  connecting  the  shaft  with  the  tunnel  concrete  previously  placed, 
this  work  being  completed  on  March  1.     A  continuous  staging  was  then  erected 
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Contract   14.  —  Holing   Through   between    Shafts   1    and   2. 


Contract   14.  —  Steel  Forms  for  Lining  Tunnel    Sidewalls  and  Arch.    Showing  a    Section 
of  Forms  Collapsed  for  Telescoping  Through   Section  Set  in   Place. 
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in  the  waterway  shaft  to  about  elevation  306  near  the  bottom  of  the  venturi  meter. 

Concreting  of  the  transition  section  and  interior  lining  of  the  steel  in  the 
waterway  shaft  was  begun  on  March  22  and  on  April  7  had  reached  elevation 
359  near  the  top  of  the  steel  lining  then  in  place.  This  portion  of  the  lining 
included  the  construction  of  the  greater  portion  of  the  90"  venturi  meter  and 
the   setting  of  its   two   ring   castings  of  bronze. 

Placing  of  steel  linings  of  the  waterway  and  pump  shafts  was  resumed  on 
April  22  and  was  completed  on  May  16.  The  concrete  outside  these  linings, 
including  pump  discharge  and  ventilating  pipes  and  heavy  reinforcement  of 
the  upper  portion  around  the  waterway  shaft  and  ducts  for  electric  wiring  of 
the  superstructure  was  completed  to  elevation  408.83  on  July  11. 

After  the  steel  lining  of  the  pump  shaft  was  completed,  the  inside  concrete 
lining  was  brought  up  in  lifts  of  about  eight  feet,  this  lining  being  completed 
on  June  4,  including  installation  of  ladder,  landing  platforms  and  6"  casing 
for  the  deep  well  sump  pump.  The  inside  concrete  and  mortar  lining  of  the 
waterway   outlet   shaft   was   completed  on   July    29. 

The  four  16"  pipe  float  wells  were  installed  in  the  float  chamber  including  all 
small  piping,  during  July.  For  concrete  aggregate,  gravel  was  obtained  from 
Millbury   and    sand    from    Worcester. 

Grouting  of  the  entire  shaft  and  adjacent  section  of  the  tunnel  was  begun 
on  August  5  and  completed  on  August  11.  All  grouting  was  done  from  the 
waterway  shaft,  beginning  at  the  bottom  and  connecting  with  grout  pipes  left 
in  the  lining,  which  connected  at  frequent  intervals  with  the  rock  exterior  of 
the  concrete. 

The  grout  was  mixed  in  proportion  of  one  part  of  cement  to  from  3  to  7 
parts  of  water,  no  sand  being  used.  A  total  of  98  cu.  yds.  of  grout  was  used, 
and  practically  all  leakage  into  the  shaft  was  cut  off. 

Beginning  on  June  29,  the  20"  discharge  line  was  used  by  the  contractor 
to  pump  water  from  the  tunnel  with  a  2,000  gal.  per  min.  centrifugal  pump 
installed  in  the  bottom  of  the  pump  shaft  and  connected  with  the  20"  valve 
on  the  intake  from  the  tunnel.  This  pumping  will  be  necessary  until  the 
completion  of  the  tunnel. 

The  contractor's  force  averaged  nine  men.  The  average  number  of  persons 
occupying  the  camp  to  May  23  was  5,  the  maximum  population  being  8  during 
the  weeks  ending  May  2  and  May  16.  The  buildings  used  for  camp  purposes 
were    removed   in   August. 

The  only  items  of  plant  at  this  shaft  at  the  end  of  the  year  were: 

1  Air  compressor  642  cu.  ft.  per  min.  capacity,  run  by  125  H.  P.  motor. 
1  14'— 0"  x  4'— 6"  air  receiver  tank. 

1  Centrifugal   pump,    rated   at  2,000   gals,    per   min.,    under   about   250  foot   bead,    driven 
by  200  H.  P.  motor. 

Shaft  2.  —  Tunnel  excavation  was  completed  on  June  15  the  lengths  excavated 
being  as   follows: 

Under  Contract  14 

Under  a  To  Year  Ending 

Location  Previous  Contract     Nov.  30,  1929  Nov.  30,  1930  Total 

East    Heading         .  .         868  ft.  5,102  ft.  3,096  ft.  9,066  ft. 

West    Heading         .  .         903  ft.  6,272  ft.  2,277  ft.  9,452  ft. 


Total        .  .  .      1,771  ft.  11,374  ft.  5,373  ft.  18,518  ft. 

Drilling  and  mucking  was  continued  in  the  same  manner  as  described  in 
the  previous  report. 

As  the  west  heading  approached  the  tunnel  excavated  easterly  from  Shaft  3, 
a  pilot  drill  hole  was  projected  beyond  the  holes  drilled  for  the  regular  shooting 
round,  to  drain  the  water  which  had  accumulated  to  within  52  feet  of  the 
top  of  Shaft  3,  approximately  1,470,000  gallons.  On  March  1,  a  hole  33  feet 
long  connected  with  the  old  tunnel,  and  as  soon  as  practicable,  March  3,  two 
additional  drain  holes  were  drilled.  Excavation  was  resumed  on  March  6  and 
the  tunnel  was  holed  through  as  a  top  heading  on  March  10.  The  remaining 
bench  was  then  excavated  by  lowering  its  height  gradually  in  order  to  prevent 
overloading  the  Shaft  2  pumps,  and  the  track  and  power,  ventilation  and  pipe 
lines  were  extended  to  the  west  heading  of  the  Shaft  3   tunnel.     On  March  30 
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excavation  was  begun  at  the  west  heading  of  Shaft  3  and  continued  until  May  13, 
when  because  of  soft  rock,  excavation  was  discontinued  until  a  short  stretch  of 
35  feet  could  be  supported  by  permanent  timbering.  On  May  21,  excavation 
was  resumed  and  continued  until  June  11  when  the  heading  was  "holed  thru" 
to  the  east  heading  of  Shaft  4.  On  June  15  the  east  heading  was  "holed  thru" 
to  the  west  heading  of  Shaft  1,  being  the  last  heading  to  be  holed  through  on 
the  Wachusett-Coldbrook  Tunnel.  The  rock  was  of  good  quality  except  for  the 
instance  mentioned  above,  and  for  a  short  stretch  in  the  east  tunnel  where, 
due  to  popping  rock,  considerable  scaling  of  the  arch  was  necessary. 

Trimming  and  grading  of  the  tunnel  was  begun  as  soon  after  holing  through 
as  the  ventilation  pipe  and  shooting  lines  could  be  removed.  All  rock  on  the 
sides  and  roof  which  projected  beyond  the  "A"  line  was  removed  and  the 
invert  was  brought  to  sub-grade  by  the  removal  of  all  tunnel  muck  above  the 
"B"  line  and  the  filling  in  of  all  low  areas  up  to  the  "B"  line. 

The  average  weekly  progress  on  tunnel  excavation  was  11 0.0  feet  easterly  and 
92.1  feet  westerly.  The  maximum  combined  progress  was  in  the  week  ending  May  10 
when  116.0  feet  were  excavated  in  the  east  section  and  116.0  feet  in  the  west 
section. 

The  contractor's  force  averaged  111  men  per  day  up  to  September  13,  and 
after  this  date,  during  the  tunnel  lining  operation,  193,  the  average  throughout 
the  year  being   128,  three   shifts  being  employed. 

The  average  number  of  persons  occupying  the  camp  throughout  the  year  was 
48,   the  maximum   population   being    70  during  the   week   ending   March    7. 

There  has  been  no  material  change  in  plant  items  during  the  year,  except 
for  the  installation  of  tunnel  lining  plant  described  elsewhere  in  this  report. 
One  additional  air  compressor  with  a  capacity  of  751  cu.  ft.  per  min.,  driven 
by  150  H.  P.  motor,  was  transferred  from  Shaft  6,  making  the  combined  com- 
pressor capacity  2,677  cu.  ft.  per  min.  Eight  more  pumps  were  used,  making 
23  in  all,  on  the  tunnel  construction,  the  largest  having  a  rated  capacity  of 
1,000  gals,  per  min.  under  a   100-ft.  head,  driven  by  a  40  H.  P.  motor. 

Shaft  3.  —  The  only  work  done  at  this  shaft  was  the  construction  of  the 
concrete  shaft  collar,  and  the  pre-cast  beams  and  slabs  which  will  be  placed 
over  the  top.  These  have  not  yet  been  placed  in  position.  A  total  length 
of  1,196  feet  of  tunnel  had  been  excavated  from  this  shaft  (under  a  previous 
contract),  630  feet  easterly  and  566  feet  westerly. 

Shaft  4.  —  Tunnel  excavation  was  completed  on  April  4,  the  lengths  excavated 
being  as   follows: 


Under  a 

To 

Year  Ending 

Location 

Previous  Contract 

Nov.  30.  1929 

Nov.  30,  1930 

Total 

East    Heading 

442  ft. 

5,139  ft. 

1,757  ft. 

7,338  ft, 

West    Heading 

401  ft. 

4,632  ft. 

781   ft. 

5,814  ft. 

Total        ...         843  ft.  9,771   ft.  2,538  ft.  13.152  ft. 

Drilling  and  mucking  was  continued  in  the  same  manner  as  described  in  the 
previous  report. 

On  January  4  wet  ground  was  encountered  approximately  6,033  feet  east  of 
the  shaft  which  resulted  in  temporarily  slowing  down  the  progress  in  this 
heading.  On  January  20  the  west  heading  was  holed  through  to  the  east  heading 
from  Shaft  5,  and  a  wooden  bulkhead  was  constructed  to  cut  off  air  circulation 
between  the  shafts.  The  ventilation  pipe  and  shooting  lines  were  then  removed, 
the   sides  and   roof   trimmed  as   required  and   the   invert  graded. 

The  use  of  "gunite"  to  stabilize  the  roof,  as  described  in  a  previous  report, 
was  continued  in  the  west  tunnel  to  the  point  of  holing  through  and  for  about 
1,200  feet  into  the  tunnel  excavated  from  Shaft  5  except  for  a  short  stretch 
of  177  feet  which  did  not  require  treatment,  the  total  length  of  roof  so  treated 
being  about  4,437    feet. 

On  April  4  tunnel  excavation  was  suspended  in  the  east  heading,  the  remaining 
tunnel  between  Shafts  3  and  4  being  excavated  from  Shaft  2.  Trimming  and 
grading  of  the  tunnel  in  both  the  east  and  west  tunnels  was  completed  June  7. 
During  the  week  ending  June    14  the   short   stretch  of   temporary  timbering   in 
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the  east  tunnel  was  removed.  The  average  weekly  progress  on  tunnel  excavation 
was  98.4  feet  easterly  and  107.1  feet  westerly.  The  maximum  combined  progress  was 
in  the  week  ending  December  7  when  101.0  feet  were  excavated  in  the  east  section 
and  92.5  feet  in  the  west  section.  The  maximum  weekly  progress  in  the  east 
tunnel  after  suspension  of  tunnel  driving  in  the  west  was  154.0  feet,  during 
the  week  ending  March  29. 

The  contractor's  force  averaged  81  men  per  day  up  to  June  21,  and  after 
this  date,  during  the  tunnel  lining  operations,  128,  the  average  throughout  the 
year  being  101,  three  shifts  being  employed.  The  average  number  of  persons 
occupying  the  camp  throughout  the  year  was  37,  the  maximum  population  being 
75  during  the  week  ending  August  22. 

There  has  been  no  material  change  in  plant  items  during  the  year,  except 
for  the  installation  of  tunnel  lining  plant  described  elsewhere  in  this  report. 
Four  more  pumps  were  used,  making  15  in  all  on  the  tunnel  construction, 
the  largest  having  a  rated  capacity  of  700  gallons  per  minute  under  a  100-foot 
head,  driven  by  a  30  H.  P.  motor.  The  combined  compressor  capacity  continued 
at  1,926  cu.  ft. 

The  total  work  done  and  materials  furnished  to  date  under  the  principal 
items  of  Contract  14  are  as  follows: 


1,108 

cu.  yds. 

3,175 

cu.  yds. 

205,427 

cu.  yds. 

23.0SR 

lin.  ft. 

218 

lin.  ft. 

32,774 

lin.  ft. 

2.468 

cu.  yds. 

65,246 

cu.  yds. 

2,406 

cu.  yds. 

4. 

25  M  ft.  B.  M 

105,413 

bbls. 

19,239 

cu.  yds. 

1,602 

cu.  yds. 

19,406 

cu.  yds. 

399,620 

lbs. 

Earth    excavation   for   shafts        ....... 

Rock  Excavation  in  shafts  and  in  tunnel  within  50  ft.  of  shafts 
Excavation  in  tunnel,   except  within   50  ft.  of  shafts 
Shaft  &  tunnel  drainage       .... 

Forms   for   preliminary   concrete    lining,   Shaft 

Forms    for    concrete    lining    in    tunnel 

Concrete   masonry   in   shafts 

Concrete  masonry  in    tunnel 

Concrete  masonry  not  in  shafts  and  tunnel 

Temporary    timbering    in    tunnel 

Portland    cement  ..... 

Earth  excavation  except  for  shafts 

Rock  excavation  except  in  shafts  or  tunnel 

Refilling  and   embankment    .... 

Miscellaneous  cast  iron,  wrought  iron  and  steel 

Contract  17.  —  Contract  17  is  for  the  construction  of  the  west  portion  of 
the  Wachusett-Coldbrook  Tunnel  through  Rutland,  Oakham  and  Barre,  and  extends 
westerly  from  the  work  covered  by  Contract  14,  the  work  being  prosecuted  from 
Shafts  5,  6,  7  and  8.  Excavation  was  continued  by  the  same  method  as  described 
in  the  previous   reports. 

At  the  end  of  the  year  approximately  98  per  cent  of  the  value  of  the  work 
had  been  completed.  This  included  the  completion  of  Shaft  8  and  of  the  tunnel 
excavation,  a  length  of  about  2,213  feet  of  tunnel  being  excavated  during  the 
year,  making  a  total  under  tjjis  contract  of  36,770  feet  and  a  total  continuous 
length  under  this   and   previous   contracts  of  41,199    feet. 

The  lining  under  this  contract  extends  to  within  31  feet  of  the  west  end  of 
the  excavation.  The  tunnel  was  completely  lined  for  a  length  of  33,484  feet 
and  in  addition  7,628  feet  of  side  walls  and  arch  were  placed.  There  remain 
to  be  lined  under  this  contract  56  feet  of  side  walls  and  arch  (mainly  at  the 
bottom   of   Shafts   5   and    7)   and    7,684   feet  of   invert. 

The  value  of  work  included  in  contract  estimates  during  the  year  was 
$1,407,130.23  or  a  total  to  November  15,  the  date  of  the  latest  estimate,  of 
$4,065,171.86,  of  which  $3,933,654.67  or  about  97  per  cent  has  been  approved 
for  payment. 

Shaft  5.  —  Tunnel  excavation  was  completed  on  January  1,  the  lengths  exca- 
vated being  as   follows: 

Under  Contract  17 

Under  a  To  Year  Ending 

Location  Previous  Contract     Nov.  30.  3  929  Nov.  30,  1930  Total 

East   Heading  .  .         670  ft.  5.149  ft.  -  ft.  5.819  ft. 

West  Heading  .  .         697  ft.  5.270  ft.  363  ft.  6.330  ft. 


Total 


1,367  ft. 


10,419  ft. 


363  ft. 


12,149  ft. 


At    the    beginning    of    the    year,    tunnel    excavation    had    been    completed    in 

the  east  heading  and  trimming  and  grading,  in  preparing  for  lining,  was  in  progress. 

The  average   weekly   progress    on    tunnel   excavation   westerly   was    77.8    feet, 
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the  maximum  progress  being  in  the  week  ending  December  14  when  86.8  feet 
were   excavated. 

The  contractor's  force  averaged  69  men  per  day  during  the  period  of  tunnel 
excavation  when  two  shifts  were  employed  and  78  during  the  period  of  tunnel 
lining  when  three  shifts  were  employed,  the  average  throughout  the  year  being  78. 
The  average  number  of  persons  occupying  the  camp  throughout  the  year  was 
35,  the  maximum  population  being  58  during  the  week  ending  May  30. 

There  has  been  no  material  change  in  plant  items  during  the  year,  except  for 
the  installation  of  tunnel  lining  plant  described  elsewhere  in  this  report.  One 
more  pump  was  used,  making  6  in  all  on  the  tunnel  construction,  the  largest 
having  a  rated  capacity  of  300  gallons  per  minute  under  a  670-foot  head,  driven 
by  a  100  H.  P.  motor.  The  combined  compressor  capacity  continued  at  2.341 
cubic  feet  per  minute. 

Shaft  6.  —  At  the  beginning  of  the  year  tunnel  excavation  had  been  completed 
and  trimming  and  grading,  in  preparation  for  lining,  was  in  progress.  A  total 
length  of  9,504  feet  of  tunnel  was  excavated  from  this  shaft,  4,772  feet  easterly 
including  671  feet  under  a  previous  contract,  and  4,732  feet  westerly  including 
669  feet  under  a  previous  contract.  On  January  5  the  first  forms  for  lining 
the  arch  and  sidewalls  were  erected  in  the  tunnel  856  feet  west  of  this  shaft. 

During  the  week  ending  June  28,  work  was  begun  on  concreting  the  shaft 
and  tunnel  connection,  and  pre-casting  the  slabs  and  beams  for  the  shaft  covering. 
The  shaft  timbering  was  removed  except  the  head-frame.  During  the  latter 
part  of  July  the  shaft  site  was  vacated,  and  all  camp  buildings  except  the 
contractor's  office,  compressor  and  hoist  houses  were  removed.  During  November 
the  invert  in  the  tunnel  immediately  adjacent  to  the  shaft  was  completed  with 
concrete  mixed  at  the  top  of  the  shaft  and  lowered  in  buckets. 

The  contractor's  force  averaged  10  men.  The  average  number  of  persons 
occupying  the  camp  to  February  7  was  6,  the  maximum  population  being  25 
during  the  week  ending  January  3. 

There  has  been  no  material  change  in  plant  items  during  the  year.  Seven 
pumps  were  continued  in  use,  the  largest  having  a  rated  capacity  of  300  gallons 
per  minute  under  a  670-foot  head  driven  by  a  100  H.  P.  motor.  The  combined 
compressor  capacity  continued   at    1.511   cubic    feet   per  minute. 

Shaft  7 .  —  Tunnel  excavation  was  completed  on  February  6,  the  length  excavated 
being  as  follows: 

Under  Contract  1  7 


Under  a  To  Year  Ending 

Location                         Previous  Contract  Nov.  80.  1929  Nov.  30.  1 930  Total 

East   Heading          .          .         861  ft.  3.639  ft.                             -  ft.  4.500  ft. 

West   Heading          .          .         S61  ft.  4.137  ft.                        547  ft.  5.545  ft. 


Total         .  .  .      1.722   ft.  7.776  ft.  547   ft.  10.045  ft. 

At  the  beginning  of  the  year  tunnel  excavation  had  been  completed  in  the 
east  heading  and  trimming  and  grading,  in  preparation  for  lining,  was  in  progress 
in  the  east  section. 

On  February  6  the  west  heading  was  holed  through  from  the  east  heading 
of  Shaft  S  and  a  length  of  105  feet  of  unexcavated  bench,  the  excavation  of 
which  had  been  delayed  by  an  increased  leakage  of  water  into  the  tunnel  approxi- 
mately  5,440  feet  west   of   Shaft  7,  was  excavated   from  Shaft  8. 

The  average  weekly  progress  on  tunnel  excavation  westerly  was  49.3  feet. 
the  maximum  progress  being  in  the  week  ending  January  11.  when  64.5  feet 
were  excavated.  The  contractor's  force  averaged  96  men.  The  average  number 
of  persons  occupying  the  camp  throughout  the  year  was  41.  the  maximum 
population  being   58  during  the  week  ending  February  21. 

There  was  no  material  change  in  the  plant  items  during  the  year,  exceat  that 
the  installation  of  tunnel  lining  plant  was  continued  as  described  elsewhere  in 
this  report.  One  more  pump  was  used,  making  12  in  all  on  the  tunnel  construction, 
the  largest  having  a  rated  capacity  of  1.100  gallons  per  minute  under  a  440 
foot  head,  driven  by  a  200  H.  P.  motor.  The  combined  compressor  capacity 
continued  at   1,532   cubic   feet   per  minute. 
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Crusher  and  Aggregate  Piles  -  Shati*Z~  Cor*  *14-  IZ/l/30-  109'Phok? 


Contract   14.  —  Crusher  and  Aggregate  Piles  at  the  Top  of  Shaft  2. 
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Interior  View  of  Window  in  Outlet  Buildina- Shaft  *L  -Cim4:*Z5r,-J2Ai30r*E*    s° 


Contract    25.  —  Construction    of   Outlet    Building    at    Top    of    Shaft    1,    Showing    Interior 

Wall  Finish  of  Tile  and  Face  Brick. 
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Shaft  8.  —  (Under  the  supervision  of  the  Coldbrook-Swift  Tunnel  Division.) 
Tunnel  excavation  was  completed  on  February  6,  the  length  excavated  being  as 
follows : 

To  Year  ending 

Location                                                              Nov.  30,  1929  Nov.  30,  1930  Total 

East    Heading 3,843  ft.                        660  ft.  4,503  ft. 

West    Heading 4,355  ft.                        643  ft.  4,998  ft. 

Total 8,198  ft.  1,303  ft.  9,501   ft. 

Excavation  was  stopped  in  the  west  heading  January  19,  4,355  feet  west  of 
the  shaft.  The  east  heading  was  holed  through  to  the  west  heading  of  Shaft  7 
February  6.  The  average  weekly  progress  on  tunnel  excavation  westerly  was 
82.2  feet  and  easterly,  66.1   feet. 

Trimming  the  side  walls  and  arch  and  grading  the  invert  preparatory  to  placing 
concrete  was  completed  in  the  west  tunnel  during  the  week  ending  March  22nd, 
and  in  the  east  tunnel  during  the  week  ending  April  5th. 

Work  on  taking  down  the  head  frame  was  begun  on  April  21st  and  completed 
on  May  1st.  The  sump  at  the  foot  of  the  shaft  was  then  mucked  out  and 
lined  with  concrete  up  to  the  bottom  of  the  cast  iron  shaft  lining.  The  contractor 
then  built  a  heavy  timber  platform  slightly  below  this  elevation  as  a  protection 
for  those  working  in  the  tunnel  against  work  being  done  in  the  shaft.  This  cut 
off  communication  with  the  tunnel  by  way  of  Shaft  8  and  since  that  time  it 
has  been  necessary  to  use  Shaft  7  when  entering  the  tunnel.  One  8-inch  pipe 
for  pump  discharge  and  two  4-inch  pipes,  one  for  air  and  the  other  for  electric 
cables,  were  placed  back  of  the  cast  iron  lining  for  the  contractor's  use  during 
construction. 

A  ten-ton  stiff  leg  derrick  was  set  up  close  to  the  shaft  on  the  north  side  and 
a  movable  platform  built  that  would  just  fit  inside  the  cast  iron  lining.  This 
platform  was  suspended  from  beams  spanning  the  top  of  the  shaft  by  two 
cables   fastened  to   crabs   on   the   platform  itself. 

The  cast  iron  lining  was  built  of  plates,  furnished  under  Contract  18,  six 
plates  about  3  feet-8  inches  high  forming  a  complete  ring.  Each  plate  weighed 
about  1,700  pounds.  When  delivered  they  were  stored  on  the  spoil  pile  east 
of  the  shaft,  from  there  they  were  brought  to  the  shaft  head,  one  at  a  time, 
on  a  small  flat  car,  picked  up,  lowered  into  the  shaft  and  set  by  the  derrick. 

After  two  rings  had  been  set  the  movable  platform  was  raised  nearly  to  the 
top  of  the  top  ring  and  the  rings  backed  up  with  concrete.  The  concrete  used 
was  mixed  in  a  small  gasoline  engine-driven  mixer  placed  near  the  top  of  the 
shaft  handled  to  the  lining  in  buckets  in  batches  of  about  1  cubic  yard  and 
placed  by  means  of  a  double  chute  resting  on  the  edge  of  the  top  ring,  which 
split  the  batch  and  delivered  it  simultaneously  at  opposite  sides  of  the  ring. 
When  the  two  rings  had  beefti  backed  up  to  within  a  few  inches  of  the  top 
the  chute  was  removed  from  the  shaft  and  another  two  rings  set.  This  work 
of  placing  the  cast  iron  lining  was  begun  on  May  17  and  completed  on  May  31, 

On  August  18  the  contractor  started  removing  the  heavy  protection  platform 
at  the  foot  of  the  shaft.  He  then  placed  the  forms  for  the  concrete  plug  at 
the  top  of  the  cast  iron  lining.  These  forms  consisted  of  a  heavy  wooden  platform 
hung  from  I-beams  and  channels  across  the  top  of  the  shaft  by  1-inch  steel 
rods  about  40  feet  long.  On  this  platform  the  four  nozzle  castings,  one  for 
each  of  the  four  control  valves,  were  set  in  place.  These  castings  were  furnished 
under  Contract  18  and  weighed  about  14,500  pounds  each.  They  were  handled 
by  the  same  derrick  used  for  setting  the  lining  plates  and  were  set  between 
August  31  and  September  3.  The  concrete  plug  was  cast  on  September  4  and  5, 
by  chuting  it  into  place  from  the  mixer  above  referred  to. 

The  concrete  in  the  tunnel  sidewalls  and  arch,  and  in  the  invert  east  of 
Shaft  8,  was  placed  from  the  concreting  plant  at  Shaft  7.  The  invert  west 
of  Shaft  8,  however,  was  placed  from  Shaft  8.  The  aggregates  were  mixed  at 
the  top  of  the  shaft  and  dropped  through  a  pipe  left  temporarily  through  the 
concrete  plug  at  the  shaft  top.  This  work  began  on  October  3.  A  gap  was 
left  in  the  sidewalls  and  arch  for  the  steel  bulkhead  west  of  the  shaft.  This 
was  erected  and  the  gap  and  central  pier  concreted  when  the  invert  was  placed. 
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All  concrete  west  of  Shaft  8  was  completed  during  the  week  ending  November  15. 

The  contractor's  force  averaged  38  men  throughout  the  year.  The  average 
number  of  persons  occupying  the  camp  to  April  7  was  49,  the  maximum  population 
being  101  during  the  week  ending  December  12,  1929.  The  buildings  used 
for  camp  purposes  were  removed  by  June  6th. 

There  has  been  no  material  change  in  plant  items  during  the  year.  The  only 
items  of  plant  in  use  at  this  shaft  at  the  end  of  the  year  were  7  pumps,  the 
largest  of  which  has  a  rated  capacity  of  1,000  gallons  per  minute  under  a  275-foot 
head,  driven  by  a   100  H.  P.  motor. 

The  total  work  done  and  materials  furnished  to  date  under  the  principal 
items  of  Contract  17  were  as  follows: 

Rock  excavation  in  shafts,  and  in  tunnel  within  50  ft.  of  shafts 
Excavation   in  tunnel   except  within   50  ft.   of  shafts 
Shaft    and    tunnel    drainage         .... 

Forms   for   preliminary  concrete   lining,   Shaft   8 

Forms    for    concrete    lining    in    tunnel 

Concrete  masonry    in  shafts 

Concrete   masonry   in   tunnel 

Concrete   masonry   not  in   shafts  or   tunnel 

Permanent    timbering    in     tunnel 

Temporary    timbering    in    tunnel 

Portland    Cement  ..... 

Earth    excavation  ..... 

Rock   excavation   except  in  shafts  or  tunnel 

Caring  for  and  setting  metal-work  furnished  by  the  Commission 
except  Shaft  8  lining  ........ 

Caring  for  and   setting  cast   iron  lining  for   Shaft   8 

Concrete  Lining  of  Tunnel  —  Contracts  14  and  17: —  The  contractor  used  three 
complete  tunnel  concrete  plants  for  placing  of  tunnel  concrete  sidewalls  and  arch 
designated  as  plants  "A",  "B",  &  "C".  They  were  practically  identical  in  design 
and  layout.  The  first  tunnel  plant,  designated  as  Plant  A  and  utilizing  the  aggre- 
gate from  the  crushing  plant  at  the  top  of  Shaft  7,  started  concreting  sidewalls 
and  arch  on  February  20,  856  feet  west  of  Shaft  6  and  continued  8,307  feet 
westerly  to  a  point  69  feet  east  of  Shaft  7  reaching  this  point  on  May  7.  At 
this  time  the  plant  was  turned  around  and  moved  to  31  feet  east  of  the  west 
heading  of  Shaft  8.  It  started  concreting  on  May  23  and  continued  4,951  feet 
easterly  to  16  feet  west  of  the  center  line  of  Shaft  8.  On  July  5  it  passed  by 
the  shaft  leaving  a  gap  of  31  feet  to  be  built  with  special  forms  at  the  bottom 
of  the  shaft,  and  continued  9,952  feet  easterly  to  81  feet  west  of  Shaft  7  reaching 
this  point  on  September  20.  The  remaining  150  feet  of  sidewalls  and  arch 
adjacent  to  the  shaft,  excepting  a  gap  of  22  feet  at  the  bottom  of  the  shaft 
was  concreted  at  this  time.  However,  due  to  the  cramped  quarters  the  concrete 
for  this  length  of  128  feet  was  mixed  on  the  surface,  lowered  on  the  cage 
in  a  concrete  car  and  delivered  by  chute  to  the  concrete  gun  from  which  it 
was   delivered  to   the   forms. 

The  plant  was  then  partially  dismantled  and  hauled  through  the  tunnel  to  the 
point  2,882  feet  west  of  Shaft  4  to  which  concreting  had  previously  been  com- 
pleted by  Plant  B,  where  it  started  concreting  sidewalls  and  arch  on  September  30. 
utilizing  aggregate  from  the  crushing  plant  at  the  top  of  Shaft  4.  It  continued 
easterly  2,831  feet  to  51  feet  west  of  Shaft  4,  reaching  this  point  on  October 
20.  The  plant  was  then  turned  around  and  moved  to  the  point  11  feet  east 
■of  Shaft  3  at  which  Plant  B  had  previously  started  concreting  easterly.  It  started 
concreting  on  October  25  and  continued  westerly  past  the  bottom  of  the  shaft, 
.3,269  feet  to  the  point  3,258  feet  west  of  Shaft  3  at  which  Plant  C  had  previously 
started  concreting  westerly,  reaching  this  point  on  November  27.  The  plant 
then  moved  ahead  to  486  feet  east  of  Shaft  4,  where  on  November  28.  it  again 
started  concreting  sidewalls  and  arch  and  continued  360  feet  westerly  to  126 
feet  easterly  from  the  center  line  of  Shaft  4. 

The  second  tunnel  plant,  designated  as  Plant  B  and  utilizing  the  aggregate 
from  the  crushing  plant  at  the  top  of  Shaft  5,  started  concreting  sidewalls  and 
arch  on  March  24,  at  the  point  856  feet  west  of  Shaft  6  where  Plant  A  had 
started  westerly,  and  continued  easterly  845  feet  to  11  feet  west  of  the  center 
line  of  Shaft  6.  On  April  9,  it  passed  by  the  shaft  leaving  a  gap  of  22  feet 
at  the  bottom  of  the  shaft  and  continued  11,079  feet  easterly  to  12  feet  west 
of  the   center  line   of  Shaft   5. 
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The  plant  was  turned  around  and  moved  to  3,999  feet  east  of  Shaft  5.  It 
started  concreting  on  July  11  and  continued  3,977  feet  westerly  to  22  feet  east 
of  the  center  line  of  Shaft  5,  reaching  this  point  on  August  8.  The  plant  was 
again  turned  around  and  moved  back  to  the  point  3,999  feet  east  of  Shaft  5, 
from  which  it  had  concreted  westerly.  Utilizing  the  aggregate  from  the  crushing 
plant  at  the  top  of  Shaft  4,  it  started  concreting  August  13  and  continued  4,752 
feet  easterly  to  2,882  feet  west  of  Shaft  4,  reaching  this  point  on  September  20. 
The  plant  was  then  partially  dismantled  and  hauled  through  the  tunnel  to  11 
feet  east  of  the  center  line  of  Shaft  3.  Utilizing  the  aggregate  from  the  plant 
at  the  top  of  Shaft  2,  it  started  concreting  September  26  and  continued  8,547 
feet  easterly,  having  reached,  at  the  end  of  the  year,  a  point  609  feet  west 
of  Shaft  2. 

The  third  tunnel  plant,  designated  as  Plant  C  and  utilizing  the  aggregate  from 
the  crushing  plant  at  the  top  of  Shaft  4,  started  concreting  sidewalls  and  arch 
on  July  25,  3,258  feet  west  of  Shaft  3  and  continued  5,075  feet  westerly  to 
486  feet  east  of  Shaft  4  reaching  this  point  on  September  9.  The  plant  was 
then  partially  dismantled  and  hauled  through  the  tunnel  to  the  point  526  feet 
west  of  Shaft  1  to  which  the  lining,  of  circular  section,  had  been  completed 
as  described  in  the  report  for  1929.  Utilizing  the  aggregate  from  the  crushing 
plant  at  the  top  of  Shaft  2,  it  started  concreting  on  September  14  and  continued 
westerly  9,237  feet  to  139  feet  east  of  Shaft  2  reaching  this  point  on  November  28. 
The  following  is  a  summary  of  the  tunnel  lengths  in  which  the  sidewalls  and 
arch  were  concreted  in  various  stretches  from  the  three  tunnel  lining  plants.  The 
information  given  in  this  table  as  to  average  weekly  rates  of  progress  supplements 
that  shown  in  graphical  form  in  the  chart  appended  to  this  report.  The  maximum 
progress  in  any  one  week  was  1,348  feet  of  sidewalls  and  arch  concreted  from 
Plant   B  in  the  week  ending  June'  21st. 
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The  lining  of  tunnel  invert  was  carried  on  from  the  same  shafts  as  wer^- 
previously  used  for  the  lining  of  the  side  walls  and  arch  except  that  concrete 
for  the  invert  west  of  Shaft  8  was  mixed  outside  the  foundation  walls  of  the 
Ware  River  Intake  Works  and  chuted  to  the  bottom  of  the  tunnel  through 
a  temporary  pipe  left  through  the  concrete  plug  which  supports  the  control 
valves  at  the  top  of  the  shaft.  The  placing  of  invert  was  started  on  August  16, 
from  the  mixing  plant  at  the  top  of  Shaft  5.  Starting  64  feet  east  of  the  center 
line  of  Shaft  6,  the  work  progressed  11,024  feet  easterly  to  14  feet  west  of  the 
center  line  of  Shaft  5,  reaching  this  point  November  19;  and  starting  October 
30,  5,806  feet  east  of  Shaft  5,  the  work  progressed  westerly  5,782  feet  to  24 
feet  east  of  the  center  line  of  the  shaft,  reaching  this  point  on  November  20. 
From  the  mixing  plant  at  the  top  of  Shaft  7  the  placing  of  invert  was  started 
October  13,  62  feet  west  of  the  center  line  of  Shaft  6  and  progressed  8,857 
feet  westerly  to  313  feet  east  of  Shaft  7,  reaching  this  point  November  13.  The 
remaining  gap  of  126  feet  in  the  invert  at  the  bottom  of  Shaft  6  was  completed 
in  November.  West  of  Shaft  8,  using  concrete  chuted  from  the  top  of  the  shaft 
as  previously  described,  the  work  began  October  1,  31  feet  east  of  the  west 
heading  of  Shaft  8  and  progressed  4,951  feet  easterly  to  16  feet  west  of  the 
center  line  of  the  shaft  reaching  this  point  November  9th.  Invert  was  then 
started  15  feet  east  of  the  center  line  of  Shaft  8  and,  using  the  mixing  plant 
at  the  top  of  Shaft  7,  continued  easterly,  2,731  feet,  at  the  end  of  the  year 
reaching  a  point  2,746  feet  east  of  Shaft  8. 

The  placing  of  invert  from  the  mixing  plant  at  the  top  of  Shaft  4  was  begun 
November  27  at  the  end  of  the  previously  completed  invert  5,796  feet  east 
of  Shaft  5.    The  work  had  progressed  1,049  feet  easterly  at  the  end  of  the  year. 

The  following  summary  of  progress  in  invert  lining  supplements  the  data 
shown  in  graphic  form  on  the  chart  appended  to  this  report.  The  maximum 
progress  in  any  one  week  was  2,385  feet  of  invert  concreted  from  Shaft  5 
during  the  week  ending  November  15,  1930. 
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Shaft    4 1,049.  262. 

Shaft    5 11,024.  115. 

5,782.  264. 

Shaft    7    .  . .  8,857.  277. 

126. 

2,731.  171. 

Shaft    8 4,951.  124. 

Total    Invert  During   Year   of    1930 34,520. 

Total  to  11-30-29  Shaft  No.   1  circular  section   (includes   11 

ft.    at    the    shaft) 526. 

Total    Completed   to   Nov.    30.   1930 35,046. 

Remainder    Uncompleted    11-30-30 39,824. 

Total    Length    Under    Contracts    14    and    17  74,870. 

Four  crushing  and  screening  plants  were  used.  These,  in  order  of  their  use, 
were  at  Shafts  7,  5,  4  and  2,  the  latter  plant  being  constructed  largely  of  dis- 
mantled plant  from  Shaft  5.  Rock  from  the  tunnel  spoil  banks  was  used  to 
obtain  concrete  aggregates  for  the  tunnel  lining. 

Crushing.  —  Each  crushing  plant  consisted  essentially  of: 

1.  A  1{  cubic  yard  dragline  scraper,  equipped  with  a  75  H.  P.  motor,  which 
operated  over  the  spoil  bank  and  brought  the  material  to  a  grizzly,  constructed 
of  rails  placed  about  12  inches  on  centers,  and  which  made  an  initial  separation 
of  rocks  too  large  for  handling  by  the  primary  crusher.  These  rocks,  while  still 
on  the  grizzly,  were  broken  into  smaller  sizes  by  a  striking  hammer,  so  that  all 
material  brought  by  the  scraper  eventually  went  by  way  of  a  short  conveyor 
belt  or  apron  feeder  to  a  5-foot  diameter  by  8-foot  primary  crusher  screen 
containing   4-inch    openings. 

2.  A  12-inch  gyratory  crusher  taking  the  material  rejected  by  the  primary 
crusher  screen.  The  jaws  of  this  crusher  were  adjusted  so  that  the  resulting 
product  could  be  easily  handled  by  the  secondary'  crusher.     The  product  of  this 
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crusher  was  directed  through  a  chute  to  a  24-inch  conveyor  belt  and  conveyed, 
together  with  the  material  that  had  previously  passed  through  the  primary 
screen,   to 

3.  A  steel  rotary  sizing  screen,  5  feet  in  diameter  and  18  feet  long,  made 
up  of  8  feet  of  screen  with  2-inch  perforations  and  10  feet  of  screen  with 
24 -inch  perforations  outside  of  which  was  a  dust  jacket  of  34-inch  mesh  screening, 
which  separated  the  material  into  sizes,  that  below  ^4-inch  being  used  as  fine 
aggregate  and  between  34-inch  and  2 -inch  as  coarse  aggregate.  Rock  particles 
which  failed  to  pass  through  the  2 -inch  screen  were  rejected  into 

4.  A  secondary  cone  crusher  which  reduced  these  to  smaller  sizes,  the  resulting 
products  being  conveyed  by  a  return  belt  to  the  main  24-inch  conveyor  belt, 
where  they  were  again  brought  to  the-  secondary  screen.  At  Shaft  4,  36-inch 
rolls  were  installed  which  manufactured  fine  aggregate  from  the  material  passing 
the  24 -inch  screen,  the  output  being  conveyed  by  a  return  belt  to  the  secondary 
screen    for  further   separation. 

5.  A  system  of  chutes,  under  the  secondary  screen,  which  directed  the  final 
crushed  product  to  two  conveyor  belts  extended  to  the  two  stock  piles,  one 
for  fine  aggregate,  the  other  for  coarse  aggregate. 

6.  To  prevent  metallic  material  from  reaching  the  secondary  screen  and  crusher, 
an  electric  magnet  was  suspended  over  the  conveyor  belt  extending  from  the 
primary  crusher  and  screen. 

During  the  early  period  of  operation  of  the  first  crushing  plant,  at  Shaft  7, 
a  difficulty  arose  in  the  proper  separation  of  the  aggregates.  Moisture  and 
frost  in  the  spoil  bank  caused  considerable  quantities  of  fine  material  to  pass 
along  with  the  coarse  aggregate,  resulting  in  a  variable  product.  This  difficulty 
was  overcome  to  the  extent  required  by  the  installation,  within  the  secondary 
screen,  of  four  open  flame  oil  burners.  Similar  installations  were  made  at 
other  plants. 

The  elimination  of  excessively  fine  particles  in  the  fine  aggregate  at  Shafts 
4  and  5  was  accomplished  to  the  extent  required  by  air  from  a  12 -inch  blower 
directed  against  the  sand  stream  from  the  end  of  the  conveyor  belt  over  the 
storage  pile.  The  dust  was  blown  into  a  metal  hood  from  which  it  was  carried 
in  a  metal  pipe  line  clear  of  the  stock  pile  by  water. 

Batching.  —  The  batching  of  aggregates  was  done  in  a  heavy  timbered  trap 
tunnel,  5  feet  square  in  section  and  about  130  feet  long,  over  which  the  fine 
and  coarse  aggregate  was  stocked.  Within  this  tunnel,  under  the  centers  of 
the  two  stock  pile  cones,  were  located  two  weighing  hoppers  or  batchers  equipped 
with  sliding  gates  at  the  bottom  and  top.  In  weighing  the  proper  amounts  of 
aggregate  for  a  1 -cubic  yard  batch  the  upper  gate  was  opened  (the  lower  being 
shut),  and  closed  when  the  proper  weight  was  indicated.  When  the  signal  for 
a  batch  was  given  the  lower  gate  was  opened  and  the  coarse  aggregate  discharged 
on  to  a  16-inch  conveyor  belt  under  the  hopper  which  extended  through  the 
trap  tunnel  to  the  top  of  the  shaft.  As  soon  as  the  coarse  aggregate  was  strung 
out  on  the  belt  for  a  distance  of  about  50  feet  the  fine  aggregate  was  similarly 
weighed  and  discharged,  the  cement  was  deposited,  and  the  whole  conveved  to  and 
dropped  through  an  8-inch  pipe  to  a  hopper,  at  the  base  of  the  shaft.  The  cement 
was  fed  from  a  cement  hopper  located  in  the  cement  shed,  which  consisted 
of  a  4-foot  square  table  constructed  directly  over  the  belt  and  having  a  recess 
in  the  center  equipped  with  a  sliding  gate  in  the  bottom  and  capable  of  handling 
six  bags  of  cement.  This  hopper  was  generally  located  over  the  belt  from 
the  trap  tunnel,  but  where  this  was  impracticable  the  cement  was  carried  by 
a  shorter  belt  to  the  main  conveyor  belt. 

Each  batch  was  discharged  from  the  hopper  at  the  bottom  of  the  shaft  into 
one  compartment  of  a  2-compartment  bottom  dumping  car.  A  5-car  train 
was  made  up  in  this  manner  and  hauled  by  a  storage  battery  locomotive  to 
the  mixer,  which  was  located  near  the  forms.  Three  such  trains,  working  in 
conjunction  with  each  tunnel  concreting  plant,  were  ordinarily  used,  one  being 
loaded,  one  traveling,  and  one  feeding  the  mixer,  only  two  motors,  however, 
being  required,  except  for  long  hauls  where  a  passing  siding  was  sometimes 
installed. 
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Mixing  and  Placing  Concrete.  —  On  the  shaft  side  of  the  mixer  was  located 
a  portable  inclined  double  track  with  switch  at  either  end,  mounted  on  wheels 
which  ran  upon  the  tracks  in  the  tunnel  invert.  The  loaded  train  of  aggregate 
was  pushed  on  to  this  portable  track,  and  when  this  was  accomplished  the  motor 
was  disconnected  from  the  train.  The  empty  cars  on  the  other  track  were  then 
taken  back  to  the  shaft  by  the  same  motor  which  had  brought  the  loaded  cars 
to  the  mixer.  The  loaded  car  nearest  the  mixer  was  uncoupled  and  pulled  by 
a  small  air  tugger  hoist  up  a  short  but  steeper  incline  to  a  point  over  a  20-inch 
conveyor  belt  which  led  to  the  charging  side  of  the  mixer.  At  this  point  the 
contents  of  one  compartment  were  dumped  and  conveyed  to  the  mixer,  where 
they  were  tempered  with  the  necessary  amount  of  water,  mixed,  and  discharged 
into  the  concrete  gun.  After  both  batches  had  been  discharged  from  a  car, 
it  was  moved  by  gravity  by  means  of  a  spring  switch  to  the  parallel  track 
reserved  for  empty  cars.  This  operation  was  repeated  until  all  five  cars  were 
empty,  and  when  another  loaded  train  arrived  at  the  mixer  the  empty  cars 
were  hauled  back  to   the  shaft   for  another  load. 

The  mixer  used  was  a  1 -cubic  yard  non-tilting  type  driven  by  an  air  engine. 
The  gun  had  a  3 2 -inch  bore  and  capacity  for  1  cubic  yard.  It  was  equipped 
with  a  piston  operating  through  a  5^-foot  stroke  which  forced  the  concrete  into 
a  6-inch  chuting  line  and  out  over  the  forms.  Air  pressure  of  from  75  to  100 
pounds  was  required  for  satisfactory  operation.  The  mixer  and  gun  were  both 
mounted  on  trucks  and  together  with  the  portable  incline  supporting  the  two 
tracks  were  moved  as  a  unit. 

Under  ordinary  conditions  the  total  length  of  the  chuting  line  was  125  feet, 
the  first  25  feet,  which  was  level,  being  made  up  of  four  6-foot  3-inch 
lengths  fitted  with  quick-acting  self-sealing  couplings.  The  pipe  then  made  a 
22^-degree  vertical  bend,  followed  along  a  traveler  for  30  feet,  and  then  after 
another  22-|-degree  vertical  bend  continued  level  over  the  top  of  the  forms. 
The  sections  on  the  traveler  and  forms  were  made  up  of  20  and  10-foot  lengths, 
fitted  with  sleeve  couplings.  These  sections  were  removed  only  when  replacement 
was  necessary.  All  bends  were  of  manganese  steel.  As  the  concrete  filled 
behind  the  forms  and  reached  the  nozzle  end  of  the  chuting  line,  a  move  back 
was  made  by  removing  one  of  the  6-foot  3-inch  lengths  and  drawing  the  traveler 
and  chuting  line  back,  the  pipe  sliding  along  on  top  of  the  forms.  When  all 
four  of  these  lengths  had  been  removed,  the  rig,  gun  and  mixer  were  moved 
back,  the  four  lengths  replaced,  and  operations  continued. 

Forms.  —  With  each  of  the  three  plants  were  used  200  feet  of  steel  collapsible 
forms  divided  into  eight   25-foot  sections,   each  section  being  made  up  of  five 
5-foot  panels.     A  door  was  provided  in  each  arch  panel  which  permitted  access 
to  the  top  of  the  form.     Through  these  doors  the  placing  of  the  concrete  was 
watched    and   the    chuting    line    moved   as    conditions    might    warrant.      As    the 
forms    filled,    these    doors    were   closed    and    securely   bolted.      The    sections   of 
forms  were  hinged  at  the  center  of  the  arch  and  at  a  point  30  inches  from  the 
bottom  of  each  side  wall.    When  in  place  the  forms  were  set  on  3-inch  by  10-inch 
wooden  sills  which  were  set  to  line  and  grade  and  usually   carried   500   to   600 
feet  in  advance.     All  three  hinge  joints  were  bolted  and  the  forms  braced  with 
trench  jacks  clamped  between  the  bottom  of  the  form  and  the  track  ties,  eight 
jacks  being  used  on  each  side  of  each  25-foot  section  of  form,  each  pair  catching 
the   same  tie.     This  was  the  only  bracing  required.     When   a  section   of   form 
was  to  be  moved,  a  form  jumbo  equipped  with  two  center  jacks  and  four  side 
turnbuckles   was    run   under   it,   all   the   hinges   freed   and    the   braces   removed. 
The   jacks   on   the  jumbo  were   then   raised   to    catch   the   form  in   the    center. 
The  30-inch  section  at  the  bottom  of  each  side  was  then  raised  with  chain  falls 
and   these   together   with   the   sides    drawn   inward   by   turnbuckles.      The    jacks 
then  lowered  the   section  and  a   small  air  tugger  attached   to   the  pipe   traveler 
telescoped  the  form  through  to  the  end  of  the  other  section  where  it  was   set 
in  place   under   the   chuting  line.     Only   the   sidewalls   and   arch    concrete   were 
placed  by  this  method,  the  work  being   carried   on  as  one   continuous   pour  by 
three   crews  each  working   eight   hours. 
Laboratory  Control  of  Concrete.  —  Concrete  aggregates  were  batched  by  weight. 
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and  at  least  once  daily,  and  sometimes  more  frequently,  determinations  were 
made  of  the  free  moisture  contained  in  the  sand  and  stone. 

Complete  analyses  of  fine  aggregates  were  made  from  time  to  time  to  determine 
the  size  of  particles  and  daily  determinations  were  made  of  the  admixture  of  fine 
and  coarse  aggregates  in  their  respective  cones,  the  separation  being  obtained 
on  a  screen  with  approximately  34"  openings.  These  variables  having  been 
determined  for  the  day,  the  scale  weights  were  set  for  the  correct  weight  of  fine 
and  coarse  aggregates.  The  net  amount  of  water  to  be  added  was  obtained 
by  subtracting  the  total  free  water  in  the  sand  and  stone  from  the  gross  amount 
required.  Control  of  the  quality  of  tunnel  concrete  also  was  obtained  in  frequent 
slump  and  strength  tests. 

Placing  of  Invert  Concrete.  —  The  same  crushing  plants  as  above  described 
were  used  to  produce  aggregates  for  invert  concrete.  The  concrete  was  mixed 
on  the  surface  in  a  one-yard  mixer,  which  required  a  rearrangement  of  plant 
near  the  shaft  head.  Four  blow  torches  were  used  to  heat  the  mixer  as  required 
during  the  winter  months.  The  mixer  was  placed  at  an  elevation  above  the 
service  track  at  the  top  of  the  shaft  such  that  the  concrete  could  be  discharged 
into  V-bottomed  steel  muck  cars  reconstructed  especially  for  this  purpose.  They 
were  lowered  on  the  cage  one  at  a  time  and  a  train  of  6  or  8  loaded  cars  was 
hauled  to  the  point  of  concreting  by  a  storage  battery  locomotive. 

A  night  shift  prepared  the  tunnel  for  concrete  and  a  day  shift  mixed  and 
placed  the  concrete.  The  night  shift  graded  the  bottom,  did  necessary  ditching, 
built  stone  and  box  drains  where  needed,  removed  track  and  piping  no  longer 
required,  and  did  general  cleaning  up.  The  concrete  cars  were  so  spaced  when 
coupled  together  in  a  train  that  each  car  contained  as  nearly  as  possible  the 
quantity  required  to  complete  the  invert  opposite  the  car.  Water  in  the  tunnel 
was  pumped  over  low  sand  bag  dikes  at  either  end  of  the  section  being  concreted, 
the  tracks  being  raised  to  pass  over  the  dikes.  The  concrete  was  spread  by 
hand,  shoveled  and  screeded  by  hand  using  a  wood  screed  with  metal  edge 
working  between  steel  templates  made  of  a  T-section  bent  to  the  curve  of  the 
invert  spaced  10  feet  on  centers  and  held  by  set  screws  against  the  sidewalls. 
The  templates  were  removed  and  the  adjacent  invert  completed  when  the  concrete 
began  to  set.  Access  to  points  over  freshly  laid  concrete  was  had  by  narrow 
plank  walks  supported  on  timbers  wedged  between  the  sidewalls.  Roofing  paper 
was  spread  over  the  freshly  laid  concrete  when  required  to  protect  it  from 
water  dripping  from  the  roof  or  sidewalls.  Where  required,  broken  stone  or 
box  drains  were  extended  to  points  where  the  drainage  could  be  conveniently 
vented  through  the  invert  and  transverse  concrete  cut-off  walls  to  rock  were 
built  frequently  to   force  the  discharge  of  box  drains  through  the  invert. 

The  principal  items  of  plant  equipment  used  in  the  tunnel  lining  operations 
were  as   follows : 


For  one 
Plant 


Total  for 
All  Plants 


3 
3 
3 

3 
3 
3 
13 
3 
4 


Description 

Crushing  Plant 

1%-cu.    yd.    drag   scraper   bucket   and  electric   hoist  with   75   H.P. 

motor. 

Apron  feeder  with  drives. 

60"  rotary  screen,  8'  long  with  4"  perforations. 


60 

%' 
36' 
12 
24 

16' 


perforations  and   with 


rotary  screen,    18'   long,    10'   with    % 

dust  jacket,  8'  with  2"  perforations. 

coarse  cone  crusher. 

gyratory  crusher. 

separator   magnet. 

belt  conveyors. 
24"    belt   conveyor. 

Trap    tunnel,   bins,    stone   weighing  hopper,    sand   weighing   hopper 
and  platform  scale. 


Tunnel  Plant 

1  3  Aggregate  chute  and  hopper,  equipped  with  air  operated  sliding  gate. 

16  53  2-Compartment   hopper   ears  ;    84   cu.   ft.    capacity,    36"  gauge. 

3  9  36"  gauge  electric   storage   battery   locomotive.      (Some  additional 

locomotives    previously    listed    under    excavation    plant    were    used 

in   concreting. ) 
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1  3  Portable  track  and  incline   rig. 

1  3  Portable  mixing  plant  and  9  H.P.   tugger  hoist,   20"   belt  conveyor. 

1-cu.    yd.    non-tilting   mixer    air    engine    driven,    concrete    gun    32" 
diameter  and  6"  cbuting  line. 
200  600  Linear  feet  telescoping  forms  in  25-ft.   sections. 

3  25  ft.  long  traveler  for  moving  forms. 

1  3  10  H.P.  tugger  hoist. 

1  3  Motor  generator  set. 

Invert  Plant 

1  2  Motor  driven  1  cu.  yd.  non-tilting  mixer  on  skids,  with  water  tank, 

feed  chute  and  220-volt,   3-phase  60-cycle  A.C.  motor. 
8  16  1-cu.    yd.    steel    concrete    cars. 

Contract  25. —  Contract  25,  for  constructing  the  superstructure  of  the 
Wachusett  Outlet  Building  for  the  Wachusett-Coldbrook  Tunnel  at  Shaft  1  in 
the  town  of  West  Boylston,  was  executed  on  July  23,  with  Munroe  &  Westcott, 
Inc.,   of   North  Attleboro,   Mass. 

Erection  work  at  the  site  was  started  September  5.  Operations  were  carried 
on  from  a  temporary  plank  floor  over  the  waterway  channel.  During  the  year 
the  structural  steel  frame  of  the  building  was  practically  completed.  The  building 
walls  of  ashlar  masonry  outside  and  tile  and  face  brick  inside  were  carried 
up  together  as  far  as  the  tops  of  the  window  arches.  Doors,  window  frames  and 
electric  conduits  and  panels  were  built  in  as  the  work  progressed.  The  stone 
facing  of  the  south  abutment  of  the  dam  across  the  Quinapoxet  River  was 
carried  up  to  the  bottom  of  the  coping  and  the  bottom  course  of  the  north 
abutment  was  placed. 

At  the  end  of  the  year  the  contract  was  about  25  per  cent  completed.  The 
contractor's  force  averaged  13  men.  The  value  of  work  included  in  contract 
estimates  to  November  10,  the  date  of  the  latest  estimate,  was  $15,565.58,  of 
which   90  per   cent  has  been   approved  for  payment. 

Contract  26.  —  Contract  26,  for  furnishing  and  installing  power  and  lighting 
wiring  and  electrical  equipment  at  the  Wachusett  Outlet  Building  of  the  Wachusett- 
Coldbrook  Tunnel  at  Shaft  1  in  the  town  of  West  Boylston,  was  executed  on 
September  24th,  with  Anderson-Coffey  Co.,  Inc.,  of  Boston.  As  the  building 
construction  progressed,  all  necessary  conduit  boxes,  fixtures  and  wall  panel 
boxes  were  placed.  The  wiring  for  lights  in  the  pump  shaft  was  begun  on 
November  14,  and  practically  completed  during  the  year,  using  a  boatswain's 
chair  suspended  by  a  steel  cable  and  operated  by  a  hand  winch.  The  contractor's 
force  averaged  one  man.  No  estimates  for  payment  were  made  before  No- 
vember 30th. 

COLDBROOK-SWIFT    TUNNEL    DIVISION HARDWICK    OFFICE 

The  Coldbrook-Swift  Tunnel  Division  continued  in  charge  of  the  field  work 
in  connection  with  the  proposed  Coldbrook-Swift  Tunnel  extension  to  the  Swift 
River  and  of  the  construction  at  Shaft  8  of  the  Wachusett-Coldbrook  Tunnel 
included  in  Contract  17  and  previously  described.  It  also  continued  in  charge 
of  the  construction  of  the  low  diversion  dam  and  the  Ware  River  Intake  Works 
at  Shaft  8  included  in  Contract  19,  and  had  charge  of  improvements  in  the 
Ware  River  Watershed. 

Office  Work 
Semi-monthly  estimates  were  prepared  for  Contract  17  and  monthly  estimates 
for  Contracts  19,  24  and  27.  Plans  were  made  of  real  estate  proposed  to  be 
acquired  in  the  upper  Ware  River  Watershed.  Topographic  maps  were  made 
of  spoil  piles  and  other  areas  in  the  vicinity  of  Shaft  8.  WTork  was  continued 
on  maps  and  capacity  curves  of  various  ponds  on  the  watershed.  Daily  rainfall 
records  were   continued  at  the  White  Valley  meteorological  station. 

Field  Work 

Lines  and   grades   were  given   for   construction  work  on   Contracts   17,   19,  24 

and  27.    About  465  acres  of  topography  were  taken  along  the  Ware  River  above 

the  intake  and  in   the  vicinity  of  Shaft   8.     Mud   soundings  were  made   in   the 

Ware   River  and   four   ponds  in   the  watershed.      A   base   line    for  triangulation 
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Contract    25.  ■ —  Construction    of    Outlet    Building    at    Top    of    Shaft    1,    Showing     Steel 
Framework   and  Random   Ashlar   Masonry   Walls. 


Contract   19.  —  Forms  of   Siphon   Spillways   at   Ware    River   Intake   Works. 
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of  the  Ware  River  Valley  Watershed  was  established  and  the  triangulation  com- 
pleted. Real  estate  surveys  were  made  of  various  properties,  including  about 
850  acres  in  the  watershed.  Weekly  observations  of  water  color  samples  along 
the  Ware  River  and  its  tributaries  were  made.  Photographs  of  the  construction 
work  were  continued.  Current  meters  were  repaired  and  rated  from  time  to 
time  as  required.  Electrical  determinations  of  the  depth  to  bedrock  on  the 
line  of  the  proposed  Coldbrook-Swift  Tunnel  in  the  vicinity  of  Muddy  Brook 
were  supervised. 

Collection  of  Stream  Flow  and  Water  Power  Data 
Staff  gages,  set  to  determine  the  head  at  various  water  power  plants  on  the 
Ware,  Swift,  and  Chicopee  Rivers,  were  read.  Observations  to  determine  the 
fluctuations  in  level  of  the  ponds  on  the  Ware  and  Quaboag  River  watershed 
were  taken.  The  recording  gages  at  the  gaging  stations  at  White  Valley  and 
Bircham  Bend  were  continued. 

Investigations  of  the  quality  of  the  water  in  the  Ware  River  above  Coldbrook 
and  from  South  Barre  to  Thorndike  were  continued  in  conjunction  with  the 
laboratory,  the  principal  work  of  this  office  being  the  determination  of  the 
necessary  hydraulic  data. 

Construction  by  Force  Account 

Work  on  watershed  improvement  was  done  by  force  account  with  labor 
employed  and  supervised  by  the  division  office.  Commencing  August  25,  four 
small  ponds  on  a  tributary  of  the  Ware  River  in  the  village  of  Coldbrook, 
Whiting  Pond,  Basket  Shop  Pond,  Grist  Mill  Pond,  and  Potter's  Pond,  were 
drained  and  their  dams  breached.  Ditches  were  then  dug  in  the  bottoms  of 
these  ponds  and  dead  brush  cut  and  burned  on  the  site  of  Potter's  Pond.  A 
new  15"  concrete  pipe  culvert  was  laid  under  the  state  highway  to  drain  a 
portion  of  Grist  Mill  Pond  and  other  miscellaneous  work  of  sanitary  improve- 
ments in  the  watershed  and  of  repairs  to  buildings  of  the  Commission  was  done 
by  force  account.  From  two  to  six  laborers  were  employed  from  time  to  time 
during  the  last  three  months  of  the  year. 

Progress  of  Contracts 

The  construction  work  on  the  Wachusett-Coldbrook  Tunnel  from  Shaft  8  was 
supervised    from  the   Hardwick   Office   and  is   hereinbefore    described. 

Contract  18.  —  Contract  18,  for  furnishing  iron  castings  for  the  Ware  River 
Intake  Works  of  the  Wachusett-Coldbrook  Tunnel  in  the  town  of  Barre,  was 
completed  and  a  final  estimate  made  on  January  11,  1930,  the  total  value  being 
$19,431.07. 

Materials  furnished  under  the  principal  items  were  as  follows: 

Shaft  lining   plates 252.387  tons 

Nozzle    eastings  .  .  .  .  .  .  .  .24.57     tons 

Base  castings      .  .         .  .         .  .         .  .  .11.14     tons 

Contract  19.  —  Contract  19,  for  constructing  the  low  diversion  dam  and  the 
substructure  of  the  Intake  Building  for  the  Ware  River  Intake  Works  at  Shaft  8 
of  the  Wachusett-Coldbrook  Tunnel  in  the  town  of  Barre  was  continued  in 
force  throughout  the  year.  On  December  7  the  contractor  cut  the  flume  which 
had  carried  the  river  past  the  dam  site  and  continued  the  construction  of 
the  dam  across  the  gap  using  pumps  to  keep  the  water  level  below  the  masonry 
until   the   water  was   high   enough   to    flow   through    the   bypass   sluice   gate. 

Masonry  work  was  continued  in  the  dam  until  December  16  by  heating  the 
mixing  water,  aggregates,  and  the  concrete  and  stones  after  placing,  the  dam 
being  carried  up  to  elevation  644.8.  The  contractor  then  removed  the  flume 
downstream  from  the  dam  and  continued  until  January  7  with  a  small  force, 
removing  and  burning  stumps  and  loose  timber  above  the  dam.  Work  was 
"resumed  on  April  14,  and  on  June  2  the  construction  forms  for  siphon  spillways 
and  building  foundation  walls  at  the  top  of  the  shaft  were  begun.  The  first 
concrete  in  the  siphon  spillways  was  poured  on  June  19  and  this  was  completed 
and  stop  planks  set  on  the  spillway  crests  on  August  20.  Work  was  resumed 
on  the  dam  on  August  9th. 
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The  use  of  the  aggremeter  for  proportioning  concrete  was  continued  until 
August  31st,  the  small  remaining  amount  of  concrete  being  mixed  in  small  portable 
mixers.  On  September  5  work  was  started  on  setting  the  valve  base  castings 
furnished  under  Contract  18  and  setting  the  four  control  valves  furnished 
by  the  Commission.  These  valves  are  of  the  Dow-disc  type,  three  of  them 
being  60"  in  diameter  and  one  72"  in  diameter,  above  which  was  installed  a 
120"  x  60"  Venturi  meter.  These  castings,  the  largest  of  which  weighed  about 
12,000  pounds,  were  handled  by  the  stiff  leg  derrick  used  on  Contract  17. 
Their  setting  was  completed  September  20,  after  which  work  on  floor  forms 
progressed  rapidly.  The  beams  and  floor  slabs  of  the  main  floor  were  cast  in 
one  continuous  operation  on  October  6  using  two  small  portable  mixers,  the 
concrete  being  left  2"  low  to  allow  for  the  granolithic  finish  to  be  placed  later 
under  Contract  24.  Early  in  September  the  lower  weir  wall  between  dam 
abutments  was  completed  together  with  riprap  and  grading  in  the  river  bed. 
A  small  steam  shovel  with  caterpillar  traction  was  used  in  this  work,  and  subse- 
quently to  remove  the  spoil  piles  which  were  placed  in  the  earth  portion  of  the 
dam,  in  grading  below  the  dam  and  around  the  intake  building  and  in  filling 
the  old  canal  east  of  the  building.  Impervious  core  in  the  earth  portion  of  the 
dam  was  built  up  slightly  ahead  of  the  rest  of  the  embankment.  For  this  core 
and  for  dressing  of  slopes,  top  soil  was  excavated  by  hand  from  a  borrow  pit 
on  high  ground  north  of  the  shaft,  transported  in  small  trucks  and  spread  and 
rolled  by  hand.  Two  small  steam  shovels  were  used  to  remove  the  old  White 
Brothers  dam  which  was  breached  on  October  1.  One  shovel  worked  on  the 
north  side  placing  the  materials  in  the  old  canal,  the  other  on  the  south  side 
placing  the  materials  in  the  old  spillway  channel.  Stumps,  logs  and  other  debris 
were  removed  from  the  bed  of  the  stream  between  the  old  dam  and  the  state 
highway  bridge  at  Coldbrook.  At  the  end  of  the  year  this  contract  was  completed 
except  for  miscellaneous  small  items  of  work,  and  the  principal  items  of  the 
Contractor's  plant  were  removed. 

Except  timber  which  was  hauled  by  truck,  nearly  all  materials  including  cement, 
concrete  aggregates,  stone  and  steel  were  delivered  by  rail  on  the  contractor's 
siding.     Granite  for  stone  masonry  was  furnished  from  quarries  in  Fitchburg. 

The  value  of  work  included  in  contract  estimates  to  November  15,  the  date 
of  the  latest  estimate,  was  $252,679.21,  of  which  90  per  cent  was  approved  for 
payment. 

The  contractor's  force  averaged  34  men  for  39  weeks,  the  maximum  force 
during  any  one  week  being  87  men  for  the  week  ending  August  9,  and  the 
average  throughout  the  year  being  26.  The  total  work  done  and  materials  furnished 
to  November  15  under  the  principal  items  of  Contract  19  were  as  follows: 


Earth    Excavation    (below    elevation    642) 
Earth    Excavation    (above    elevation    642) 
Rock   Excavation         ...... 

Earth  Filling  and  Embanking  of  Pervious  Material 

Riprap 

Portland    Cement 

Concrete  Masonry 

Dimension    Stone    Masonry 

Ashlar    Masonry 

Steel   for   Reinforcing  Concrete 


4,280  en.   yds. 

3,000  cu.  yds. 

1,928  cu.  yds. 

5,683  cu.   yds. 

915  cu.  yds. 

9,958  bbls. 

6,534  cu.   yds. 

120  cu.  yds. 

524  cu.   yds. 

202,000  lbs. 


Contract  24.  —  Contract  24,  for  constructing  the  superstructure  of  the  Intake 
Building  for  the  Ware  River  Intake  Works  at  Shaft  8  of  the  Wachusett-Coldbrook 
Tunnel  in  the  town  of  Barre,  was  executed  on  July  23,  with  Munroe  &  Westcott, 
Inc.,  of  North  Attleboro,  Mass. 

Work  was  begun  October  9  and  a  derrick  was  set  up  during  the  week  ending 
October  18.  Erection  of  structural  steel  frame  work  was  practically  completed 
November  22.  At  the  end  of  the  year  the  steel  work  was  partly  riveted  and 
the  stone  facing  of  the  foundation  walls  placed  up  to  elevation  665.  The  value 
of  the  work  included  in  contract  estimates  to  November  15,  the  date  of  the 
latest  estimate,  was  $8,395.11  of  which  90  per  cent  was  approved  for  payment. 

The  contractor's  force  averaged  6  men  for  8  weeks,  the  maximum  force  during 
any  one  week  being  13  men  during  the  week  ending  November  15. 


*vj*s  • 
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Contract  19.  —  Ware    River   Intake    Works    View   from   Upstream    of   the   Diversion    Dam 

and  Siphon  Spillway  Intakes. 
Contract    24.  —  Steel   Framework  of    Superstructure. 


Contract    19.  —  Remains    of    Old    White    Valley    Dam    on    Bed    of    Ware    River    Above 

the   Intake   Works. 
Contract  17.  —  Tunnel  Spoil  Banks  on  Either  Side  of  River. 
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Contract  27. —  Contract   27,   for  filling  with  earth  areas   along  the   bank  of 

the   Ware   River  in   the  town    of   Barre,   was   executed   on    September    23    with 

Raymond  A.  Bergesson  of  Sagamore,  Mass. 
Work    started    October    20   with   the    cutting    and    burning    of   brush    on    the 

area  to  be  rilled  and  at  the  borrow  pit.    Placing  of  fill  was  started  October  30. 

A  gasoline  shovel  and  6  trucks  were  used.     At  the  end  of  the  year  the  work 

was  about  90  per   cent   complete   and   the   value   of   work   included  in    contract 

estimates   to  November   10,  the  date  of  the  latest  estimate,   was   $1,450.00,  of 

which  90  per  cent  was  approved  for  payment. 

The  contractor's  force  averaged  7  men  for  6  weeks,  the  maximum  force  being 

10   during  the  week  ending  November   15. 

Swift  River  Reservoir  Division  —  Enfield  Office 

The  Swift  River  Reservoir  Division  continued  in  charge  of  the  field  work 
in  the  Swift  River  Valley  in  connection  with  the  proposed  Swift  River  Reservoir. 

The  major  activities  of  this  division  continued  to  be  topographic  surveys  of 
the  proposed  reservoir  basin,  general  surveys  of  real  estate  required  for  reservoir 
purposes,  preparation  of  maps  of  all  surveys,  cemetery  removal  work  and  studies 
of  soils  and  other  materials  with  reference  to  the  possibility  of  their  use  in  the 
construction  of  the  proposed  dam  and  dike. 

Topography.  —  During  the  year  1,040  acres  of  topography  within  and  adjacent 
to  the  proposed  reservoir  were  surveyed,  making  a  total  to  date  of  23.815  acres,  or 
37.21  square  miles.  During  the  year  980  acres  of  topography  were  mapped, 
making  the  total  to  date  23,580  acres.  Of  this  total  tracings  have  been  made 
covering  19,565  acres.  In  the  vicinity  of  the  proposed  dam  site  topography 
has  been  replotted  and  traced  to  meet  the  requirements  of  the  designing  division. 
Surveys  were  made  of  the  profile  of  the  Boston  &  Albany  Railroad  traversing 
the  proposed  reservoir  area  and  of  cross  sections  of  the  Swift  River  downstream 
from  the  proposed  dam  site.  Three  hundred  fifty  acres  of  topography  were 
taken  and  plotted  during  the  year  in  connection  with  studies  of  highway  and 
railroad  relocation. 

Real  Estate.  —  Property  described  in  applications  by  owners  for  sale  of  real 
estate  was  located  and  sketches  made  showing  the  approximate  location.  Additional 
property  purchased  by  the  Commission  during  the  year,  as  the  deeds  were 
received  in  the  Enfield  office,  was  plotted  on  the  general  property  map  with  a 
scale  1  inchm  1,000  feet.  Comprehensive  real  estate  surveys  and  analyses,  and 
descriptions  of  deeds  were  continued.  Practically  all  land  within  one-half  mile 
of  the  proposed  reservoir  has  been  surveyed  and  tables  compiled  showing  the 
ownership,  area  and  valuation  of  properties  not  yet  offered  for  sale  by  the 
owners.  The  real  estate  surveys  during  the  year  cover  4,890  acres,  making 
a  total  to  date  of  57,390  acres,  or  89.67  square  miles.  Of  this  total  56.605  acres 
have  been  plotted  at  a  scale  of  1  inch=200  feet.  About  200  acres  of  land  were 
cruised  by  standard   forestry  methods. 

Photography.  —  The  photographing  of  buildings  and  cemetery  lots  continued. 
Photographs  of  practically  all  buildings  lying  within  the  area  to  be  affected  by 
the  proposed  reservoir  have  been  taken  and  record  prints  made.  During  the 
year  352  photographs  of  buildings,  561  of  cemetery  lots  and  289  of  the  progress 
of  construction  carried  on  under  the  supervision  of  other  divisions,  were  taken 
by  this  division. 

Cemeteries.  —  No  general  removal  of  bodies  from  within  the  proposed  reservoir 
has  been  undertaken,  but  removals  at  the  request  of  interested  parties  con- 
tinued. During  the  year  37  releases  of  rights  in  cemetery  lots  were  executed 
by  interested  parties  and  all  work  of  removal  completed  under  the  supervision 
of  this  division  with  labor  engaged  directly  for  this  work.  During  the  year 
149  bodies  were  removed  from  59-J  lots  in  various  cemeteries  in  the  area  to 
be  affected  by  the  reservoir,  together  with  71  headstones  and  28  monuments, 
making  a  total  removed  to  date  of  401  bodies,  170  headstones  and  69  monuments. 

Soil  Testing.  —  The  soil  testing  laboratory  was  continued  in  the  office  basement 
until  the  middle  of  May  when  equipment  was  moved  to  the  first  floor  of  the 
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Barlow  House,  so  called,  which  had  been  purchased  by  the  Commission  and 
remodeled  for  laboratory  use.  New  equipment  was  purchased  to  provide  small 
can  percolation  tests,  capillary  tube  tests,  specific  gravity  tests  and  grain  size 
analyses. 

Tests  of  the  permeability  and  other  characteristics  of  soils  were  continued. 
Samples  of  materials  from  the  sites  of  possible  borrow  pits  for  the  dam  and 
dike  embankments  were  collected  and  tested.  For  this  purpose  test  trenches 
were  dug  to  a  depth  of  about  5  feet  by  labor  employed  on  force  account.  Post 
hole  augers  were  used  to  determine  the  depth  and  extent  of  deposits  of  various 
materials. 

Chemical  and  Bacteriological  Laboratory.  —  Following  the  moving  of  the  Spring- 
field Laboratory  to  Enfield,  its  work  of  collecting  and  analyzing  water  samples 
and  preparing  records  and  reports  was  continued  in  cooperation  with  the  head- 
quarters office  and  with  assistance  from  the  Coldbrook-Swift  Tunnel  Division. 

Fire  Protection.  —  The  fire  fighting  equipment  housed  at  Enfield  has  been 
maintained  in  readiness  for  service  at  all  times.  Five  assistants  in  the  division 
office  were  reappointed  as  deputy  forest  wardens  in  each  of  the  towns  affected 
by  the  reservoir.  The  equipment  and  personnel  responded  during  the  year  to 
calls  for  assistance  at  19  forest  fires  which  burned  over  a  total  area  of  152 
acres.     The  apparatus  also  responded  to  fires  in  14  buildings. 

Hydrographic  Data.  —  Records  of  rainfall  and  daily  maximum  and  minimum 
thermometer  readings  were  kept  at  the  division  office  throughout  the  year.  This 
office  has  also  cooperated  with  the  headquarters  office  in  other  hydrographic  work. 

Blister  Rust  Control.  —  This  office  continued  to  supply  labor  for  cooperative 
work  with  the  State  Department  of  Agriculture's  Bureau  of  Plant  Industry,  for 
the  eradication  of  current  and  gooseberry  bushes  for  the  control  of  pine  blister 
rust  in  that  portion  of  the  Swift  River  Valley  above  the  proposed  reservoir 
flow  line.  The  area  covered  in  the  cruises  for  eradication  was  about  10,500 
acres  in  eight   towns. 

Contract  23. —  Contract  23,  for  making  borings  in  the  towns  of  Belchertown, 
Enfield,  Ware,  Greenwich,  and  Hardwick  continued  in  force  throughout  the 
year.  Explorations  were  made  for  location  of  bedrock,  depth  of  overburden 
and  occurrence  of  material  suitable  for  construction  purposes,  in  the  vicinity  of 
the  tunnel  portal  in  the  town  of  Greenwich,  the  proposed  main  dam  and  spillway 
in  the  towns  of  Enfield  and  Belchertown,  and  the  proposed  dike  site  in  the 
town  of  Enfield. 

The  total  value  of  work  included  in  contract  estimates  to  November  10,  the 
date  of  the  latest  estimate,  was  $10,441.58,  of  which  90  per  cent  has  been 
approved   for  payment. 

The  contractor  has  had  one  drilling  rig  in  operation  during  the  year  and 
employed  an  average  of  two  men. 

The  total  work  done  under  the  principal  items  was  as  follows: 

Wash  borings  —  845.09   linear  feet. 

Tore   borings   to   surface   of   sound   bedrock  — 1723.95    linear   feet. 

Core  borings  in  sound  bedrock  —  793.11  linear  feet. 

Casings  ordered  left  in  place  —  272.37  linear  feet. 

Geological  Data 
Chapter  321,  Acts  of  1927,  provides  that  "The  Commission  shall  collect  and 
publish  in  its  reports  such  information  as  to  the  geology  of  the  region  in  which 
any  of  the  works  which  it  is  authorized  to  construct  may  be  located  as  may 
be  of  value  in  connection  with  the  geological  history  of  the  State."  Such  informa- 
tion has  been  published  in  previous  reports  and  a  complete  report  of  the  geology 
of  the  Wachusett-Coldbrook  Tunnel  is  now  in  preparation  for  publication  in  a 
subsequent   report. 

List  of  Drawings  and  Tables  Appended  Hereto 

Chart  —  Progress  of   Construction  —  Wachusett-Coldbrook  Tunnel. 
Location  of   Real  Estate   Acquired   for  the   Swift   River   Reservoir. 
Real    Estate  Takings. 
Status   of   Contracts   completed    prior    to    November   30,    1929. 
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Status  of  Contracts  in   force   between   November   30,    1929,   and   November  30,   1930. 
Total    Value   of    Work   accomplished    under    Contracts    in    Progress    during    year    ending 

November    30,    1930  —  Shown    Monthly. 
Canvass  of  Bids,  Contract  24. 
Canvass  of  Bids,  Contract  25. 
Canvass  of  Bids,  Contract  26. 
Canvass  of  Bids,  Contract  27. 

For  General  Plan   of   Metropolitan  Water  Supply   and   Profile  of  Wachusett- 

Coldbrook  Tunnel,  see  Second  Annual  Report. 

Respectfully  submitted, 

Frank  E.  Winsor, 

Chief  Engineer. 
24   School  Street,  Boston,  Mass. 
December    15,   1930. 
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Financial  Statement  of  the  Metropolitan  District 
Water  Supply  Commission 

Expenditures  and  Disbursements  for  the  Fiscal  Year  and  from  July  28, 
1926,  the  Date  of  the  Appointment  of  the  Commission 

General  Overhead 

Administration  —  (Commissioners'  Office) 


Salaries,  Commissioners 

Salaries,    Clerical 

General  Legal  Expense 

Furniture  and  Fixtures 

Rent  and   Upkeep  . 

Automobile  Purchase 

Automobile    Maintenance 

Miscellaneous  Expense  (undistributed) 

Advertising  ..... 

Printing  and   Blueprinting   . 

Stationery  and   Office   Supplies   . 

Postage 

Total  Administration 


Year  ending 

Total  to 

Nov.  30,  1930 

Nov.  30,  1930 

$10,500.00 

$45,612.80 

10,364.96 

38,685.63 

0.50 

1,377.80 

58.27 

1,952.58 

3,169.93 

9,232.69 

584.90 

1,988.90 

318.54 

1,277.56 

2,244.33 

7,645.10 

790.84 

2,944.82 

666.62 

2,782.21 

247.97 

833.18 

110.86 

360.55 

# 

$29,057.72 

$114,693.82 

Engineering,  Headquarters  Office: 

Salaries,   Engineering 

Salaries,   Clerical 

General  Consultant  Expense 

General  Legal  Expense   . 

Furniture  and  Fixtures   . 

Laboratory    Equipment    . 

Laboratory    Supplies 

Rental   of   Equipment 

Engineering  Instruments  . 

Rent  and  Upkeep  of  Boston  Office 

Rent  and  Upkeep   of  Springfield   Laboratory 

Automobile  Purchase       .... 

Automobile   Maintenance 

Special  Experiments         .... 

Miscellaneous  Expense   (undistributed)   . 

Printing  and   Blueprinting   . 

Stationery   and   Office   Supplies   . 

Postage 

Total  Engineering,  Headquarters  Office 


$81,992.08 

$315,146.99 

10,318.44 

37,138.55 

47,152.28 

89,697.69 

15,934.34 

16,179.03 

423.16 

11,174.89 

.  .     404.54 

1,961.00 

139.45 

2,071.94 

508.26 

3,370.02 

785.68 

849.22 

9,453.74 

40,555.07 

1,604.51 

3,950.54 

584.90 

2,675.60 

540.58 

2,166.57 

0.00 

2,304.63 

4,584.01 

16,105.12 

4,095.34 

8,202.91 

853.05 

2,326.20 

232.25 

654.58 

$179,606.61 

$556,530.55 

Unassigned: 

Unassigned  Supplies  and  Equipment 

Total  Unassigned 

Total  General  Overhead  . 


—  $361.67 

—  $361.67 
$208,302.66 


$645.24 


$645.24 
$671,869.61 
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Distribution  of  General  j 

Dverhead 

Year  ending 

Total  to 

A  nUTTXTTCTTt   A  TTAXT    • 

Nov.  30,  1930 

Nov.  30,  1930 

ADMINISTRATION  . 

Wachusett-Coldbrook  Tunnel  Division     . 

$15,362.21 

$49,959.29 

Coldbrook-Swift  Tunnel  Division   . 

1,921.93 

7,353.50 

Swift    River   Reservoir    Division    . 

11,760.54 

48,713.27 

Southern  Sudbury  Emergency   Supply   . 

13.04 

8,667.76 

Total   Administration       .... 

$29,057.72 

$114,693.82 

Engineering,  Headquarters  Office: 

Wachusett-Coldbrook  Tunnel  Division   . 

$65,171.33 

$204,528.04 

Coldbrook-Swift  Tunnel  Division   . 

6,327.03 

32,924.71 

Swift   River  Reservoir  Division 

108,014.49 

285,680.77 

Southern   Sudbury   Emergency  Supply   . 

93.76 

33,397.03 

Total  Engineering,  Headquarters  Office  . 

$179,606.61 

$556,530.55 

Wachusett-Coldbrook  Tunnel  Division 

General  Overhead: 

Administration          ...... 

$15,362.21 

$49,959.29 

Engineering      ....... 

65,171.33 

204,528.04 

Total  General  Overhead  .... 

$80,533.54 

$254,487.33 

Engineering: 

Salaries,  Engineering  and  Clerical  . 

$109,305.13 

$304,748.98 

Consultant    Expense         ..... 

833.37 

4,354.62 

Furniture  and   Fixtures   ..... 

177.05 

1,664.36 

Engineering  Instruments 

655.66 

8.042.60 

Rent  and  Upkeep 

2,181.34 

8,272.52 

Automobile  Purchase 

1,625.26 

8,443.47 

Automobile   Maintenance         .... 

2,649.24 

10,017.63 

Contracts  for  Investigations  and  Surveys 

0.00 

16,075.11 

Miscellaneous  Expense  (undistributed)   . 

2,005.32 

6,145.38 

Advertising 

0.00 

6.05 

Printing  and   Blueprinting   .... 

190.80 

723.19 

Stationery  and   Office    Supplies   . 

306.94 

1,925.54 

Postage 

9 

32.86 

244.85 

Total    Engineering    .... 

$119,962.97 

$370,664.30 

Real  Estate  (General  Construction) : 

Legal    and    Expert    Expense    . 

$176.39 

$4,177.41 

Consultant  Expense          .... 

0.00 

394.40 

Labor       ....... 

0.00 

906.55 

Miscellaneous    Expense    .... 

41.81 

283.05 

Purchase  and  Settlements        . 

8,150.00 

115.089.71 

Taxes       ....... 

0.00 

2,037.98 

Maintenance  of  Real  Estate  . 

93.20 

311.59 

Police    Protection,    Labor        . 

5.00 

20.00 

Fire  Protection         ..... 

30.97 

30.97 

Special  Agents  Salaries   .... 

2,370.00 

5.763.00 

Furniture   and    Fixtures       . 

0.00 

117.67 

Automobile  Purchase   .                  . 

308.00 

903.50 

Automobile  Maintenance 

452.85 

1,182.66 

Miscellaneous  Expense   (undistributed) 

200.01 

638.97 

Printing 

0.00 

7.89 

Postage 

4.00 

4.36 

Total   Real   Estate   .... 

$11,832.23 

$131,869.71 
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Ware  Watershed  Protection: 
Salaries,   Engineering 
Clerical    .... 
Legal   and    Expert    Expense 
Consultant  Expense 
Labor       .... 
Contracts 

Miscellaneous    Expense    . 
Printing   and   Blueprinting 
Purchases  and   Settlements 
Taxes       .... 


Total  Ware  Watershed  Protection 


Ware  Diversion  Damages: 

Salaries,  Engineering  and  Clerical  . 
Legal   and   Expert    Expense    . 
Consultant    Expense 

Labor       

Miscellaneous  Expense  (undistributed) 

Printing  and   Blueprinting   . 

Postage         ..... 
Engineering  Instruments 
Laboratory    Equipment    . 
Laboratory    Supplies        .  •    . 

Rental   of   Equipment 
Contracts  for  Investigations  and  Surveys 

Total   Ware   Diversion  Damages     . 
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Year  ending 

Total  to 

Nov.  30,  1930 

Nov.  30,  1930 

$10,208.12 

$12,937.64 

15.34 

15.34 

2,517.63 

6,436.55 

0.00 

763.70 

1,392.55 

3,437.55 

1,305.00 

1,305.00 

134.40 

322.64 

144.83 

166.87 

53,208.78 

473,555.15 

2,849.64 

5,858.30 

$71,776.29 

$504,798.74 

$7,486.33 

$20,403.06 

9.28 

9.28 

483.22 

2,426.39 

13.40 

33.02 

445.41 

3.270.29 

7.99 

75.54 

0.00 

.75 

0.00 

45.08 

21.43 

58.57 

0.00 

27.88 

42.00 

78.25 

0.00 

63.27 

$8,509.06 


$26,491.38 


Permanent  Construction  —  Construction  Contracts: 

Contract  No.  4,  Sinking  Shaft  5  and  driving 

1,367  linear  feet  of  tunnel       .         .  $0.00  $290,581.99 

Contract  No.  8,  Sinking  Shafts  6  and   7  and 

driving  3,062.2  linear  feet  of  tunnel       .  0.00  456,784.26 

Contract  No.  10,  Construction  and  mainte- 
nance  of  Transmission  Line   .         .         .  8,332.27  110,917.23 

Contract  No.   12,  Sinking  Shafts  2,  3  and  4 

and  driving  3,809.6  linear  feet  of  tunnel  .  0.00  632,727.44 

Contract  No.  14,  Construction  of  East  Portion 
of  Wachusett-Coldbrook  Tunnel  and 
Shaft   1 1,384,006.55         3,033,167.26 

Contract  No.  17,  Construction  of  West  Por- 
tion of  Wachusett-Coldbrook  Tunnel  and 
Shaft  8 1,541,417.20         3,933,654.67 

Contract  No.  18,  Furnishing  Iron  Castings  for 
the  Ware  River  Intake  Works  of  the 
Wachusett-Coldbrook  Tunnel  .         .         .  6,391.22  19.431.07 

Contract  No.  19,  Construction  of  Dam,  and 
Substructure  of  Intake  Building  for  the 
Ware  River  Intake  Works  of  the  Wa- 
chusett-Coldbrook   Tunnel        .         .         .  132.017.22  227,411.29 

Contract  No.  24,  Construction  of  Superstruc- 
ture of  Intake  Building  for  the  Ware 
River  Intake  Works  of  the  Wachusett- 
Coldbrook    Tunnel 7,555.60  7,555.60 


P.D.  147. 

Permanent  Construction  —  Concluded. 

Contract  No.  25,  Construction  of  Superstruc- 
ture of  Outlet  Building  for  the  Wachu- 
sett-Coldbrook  Tunnel     . 

Total    Contracts       .        .        . 


Year  ending 
Nov.  30,  1930 


14,009.02 
$3,093,729.08 
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Total  to 
Nov.  30, 1930 


14,009.02 
,726,239.83 


Permanent   Construction  —  Except    Construction    Contracts: 


Installed    Equipment 

Temporary    Equipment    .... 

Miscellaneous    Expense 

Contracts  for  Investigations  and  Surveys 

Total         .... 
Total   Wachusett-Coldbrook   Tunnel    Di- 
vision       ....... 


$37,956.77 

—  19.50 

5,376.53 

0.00 


$47,858.61 

5,013.60 

7,252.54 

898.34 


$43,313.80  $61,023.09 

$3,429,656.97     $10,075,574.38 


COLDBROOK-SWIFT   TUNNEL    DIVISION 


General  Overhead: 

Administration          ..... 
Engineering 

Total  General  Overhead  . 

Engineering  : 

Salaries,  Engineering  and  Clerical  . 

Furniture  and  Fixtures   .... 

Engineering   Instruments 

Rent  and  Upkeep   .         .  •  . 

Automobile   Purchase       .... 

Automobile   Maintenance 

Contracts  for  Investigations  and  Surveys 

Materials    of   Construction 

Miscellaneous  Expense  (undistributed)   .  >* 

Printing  and   Blueprinting   . 

Stationery  and   Office  Supplies   . 

Postage         ...... 


Total    Engineering    . 

Real  Estate: 

Legal   and    Expert    Expense    . 
Miscellaneous  Expense  (undistributed) 

Printing  and  Blueprinting   . 
Purchases  and   Settlements     . 

Taxes 

Fire  Protection  Equipment     . 

Total  Real   Estate   . 


$1,921.93 

$7,353.50 

6,327.03 

32,924.71 

$8,248.96 

$40,278.21 

$3,396.10 

$36,241.25 

123.96 

549.91 

118.55 

3,473.80 

968.34 

3,858.44 

251.00 

4,562.75 

2,315.85 

7,794.89 

0.00 

12,831.65 

0.00 

2.25 

504.00 

3,003.22 

61.26 

270.07 

205.34 

1,043.81 

43.18 

182.30 

$7,987.58 

$73,814.34 

$214.31 

$1,785.64 

7.40 

19.70 

13.14 

13.81 

1,850.00 

1,850.00 

22.50 

22.50 

16.97 

34.03 

$2,124.32 


Permanent  Construction  —  Except  Construction  Contracts 
Installed  Equipment $0.00 


Total 

Total    Coldbrook-Swift    Tunnel    Division 


$0.00 
$18,360.86 


$3,725.68 


$91.87 

$91.87 
$117,910.10 
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General  Overhead: 

Administration 
Engineering 


Swift  River  Reservoir  Division 

Year  ending 
Nov.  30,  1930 

.         .         .         .  $11,760.54 
108.014.49 


P.D.  147. 

Total  to 
Nov.  30,  1930 

$48,713.27 
285.680.77 


Total  General  Overhead  . 

Engineering  : 

Salaries,  Engineering  and  Clerical  . 
Labor       ...... 

Furniture  and   Fixtures   . 
Laboratory    Equipment    . 
Rental    of    Equipment    . 
Engineering  Instruments  . 
Rent  and  Upkeep   .... 

Automobile  Purchase 

Automobile    Maintenance 

Special  Experiments 

Contracts  for  Investigations  and  Survey 

Office    Buildings       .... 

Miscellaneous  Expense   (undistributed) 

Printing  and   Blueprinting   . 

Stationery  and  Office   Supplies   . 

Postage         ..... 


Total  Engineering     . 

Real  Estate: 

Legal   and    Expert    Expense    . 

Labor       

Furniture  and  Fixtures   . 
Miscellaneous  Expense  (undistributed) 

Advertising   ..... 

Printing  and   Blueprinting  . 

Stationery   and  Office   Supplies   . 
Purchases  and  Settlements 
Taxes       ...... 

Maintenance  of  Real  Estate    . 
Fire  Protection  Equipment 

Automobile   Purchase   . 

Automobile  Maintenance 

Miscellaneous  Expense 
Police  Protection  Labor  .... 
Special  Agents,  Salaries  . 

Equipment    ...... 

Automobile  Purchase   .... 

Automobile  Maintenance 

Miscellaneous   Expense    (undistributed) 
Printing  and  Blueprinting 
Stationery  and  Office  Supplies  . 
Postage     ...... 

Renting  Agents.  Salaries  . 

Furniture  and  Fixtures 

Stationery  and  Office  Supplies 

Miscellaneous  Expense 
Payments  to  Towns         .... 

Total  Real  Estate  . 


$119,775.03 

$334,394.04 

$44,132.70 

$236,361.54 

1,307.00 

2.178.94 

207.87 

2.696.04 

258.34 

258.34 

0.00 

0.50 

0.50 

5.436.39 

599.38 

2,264. 2S 

2,100.74 

10.569.45 

1,374.26 

8,990.79 

272.52 

392.40 

9.397.42 

44.846.33 

820.30 

4.835.91 

613.30 

3,102.99 

101.44 

859.10 

330.42 

3.078.94 

56.40 

321.50 

$61,572.59 

$326„193.44 

$16,083.83 

$93,775.83 

11.25 

67.35 

0.00 

15.68 

939.87 

2,342.31 

96.40 

208.66 

307.85 

357.65 

0.00 

0.45 

777,759.23 

4,019,696.69 

22.097.59 

56,625.79 

76.60 

606.42 

220.20 

2.724.44 

0.00 

200.00 

61.74 

152.09 

9.91 

65.52 

5.00 

5.00 

2.370.00 

6.111.33 

0.00 

118.33 

308.00 

917.96 

416.41 

1,250.14 

149.51 

4S4.64 

0.00 

41.60 

0.00 

3.52 

2.00 

4.42 

2.600.00 

7.255.43 

0.00 

29.29 

4.00 

4.00 

101.49 

207.96 

2.000.00 

4.000.00 

$825,620.88       $4,197,272.50 


P.D.  147. 

Swift  Reservoir  Damages: 
Salaries,   Engineering 
Consultant   Expense 
Purchases    and    Settlements    . 
Miscellaneous    Expense    . 

Total   Swift   Reservoir  Damages 

Swift  Diversion  Damages: 
Salaries,   Engineering 
Consultant  Expense 
Engineering    Instruments 
Laboratory  Equipment    . 
Automobile   Maintenance 
Contracts  for  Investigations  and  Surveys 
Laboratory  Supplies 
Miscellaneous  Expense   (undistributed) 

Printing  and   Blueprinting  . 
Rental    of    Equipment    . 

Total   Swift   Diversion  Damages 

Cemeteries  : 

Salaries,  Engineering  and  Clerical  . 

Legal  and  Expert   Expense 

Labor       . 

Miscellaneous  Expense  (undistributed) 

Stationery   and   Office   Supplies   . 
Purchases  and   Settlements 
Monuments  and  Inscriptions  . 

Materials 

Transportation   of   Bodies 
Transportation   of   Monuments 

Total    Cemeteries $5,649.37 

Permanent  Construction  —  Except  Construction  Contracts 
Installed   Equipment        .         .         .         . ""      .  $0.00 


Total 

Total  Swift  River  Reservoir  Division 
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Year  ending 

Total  to 

Nov.  30,  1930 

Nov.  30,  1930 

$00.00 

$14.58 

521.90 

1,443.37 

8,061.00 

14,107.00 

.80 

2.70 

$8,583.70 

$15,567.65 

$5,098.48 

$14,395.20 

2,963.27 

5,048.96 

.25.65 

555.35 

154.45 

174.44 

0.00 

1.25 

0.00 

569.47 

0.00 

20.98 

109.04 

2,890.92 

16.72 

63.29 

9.00 

9.00 

$8,376.61 

$23,728.86 

$1,459.30 

$2,776.81 

17.75 

43.50 

1,435.76 

3,566.64 

15.09 

80.89 

0.00 

3.51 

1,675.50 

3,552.00 

8.00 

244.55 

641.97 

1,525.56 

0.00 

45.00 

396.00 

778.00 

$12,616.46 


$214.78 


Southern  Sudbury  Emergency  Supply 


General  Overhead: 

Administration  .      .  . 

Engineering      .         . 

Total  General  Overhead 

Engineering  : 

Salaries     .         .         .-•,". 
Consultant   Expense 
Furniture  and   Fixtures  . 
Engineering  Instruments 
Rent  and  Upkeep   . 
Automobile   Purchase 
Automobile   Maintenance 
Labor       .... 
Miscellaneous  Expense  (undistributed) 


$0.00 

$214.78 

$1,029,578.18 

$4,909,987.73 

:y  Supply 

$13.04 

$8,667.76 

93.76 

33,397.03 

$106.80 

$42,064.79 

$0.00 

$33,810.46 

0.00 

3,816.25 

0.00 

30.70 

0.00 

216.06 

0.00 

543.40 

—  200.00 

1,719.00 

0.00 

1,514.45 

0.00 

173.00 

0.00 

1,575.75 
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Engineering  —  Concluded. 

Printing  and  Blueprinting    .... 

Stationery  and   Office   Supplies  . 

Postage 

Total  Engineering     .        . 

Real  Estate: 

Legal    and   Expert    Expense    .... 

Consultant  Expense 

Printing    and    Blueprinting 
Purchases  and   Settlements     . 
Taxes 

Total   Real   Estate 

Southern  Sudbury  Diversion  Damages: 

Consultant   Expense         ..... 
Legal  and  Expert   Expense     .        .        . 
Settlements 

Total  Southern  Sudbury  Diversion  Damages 


Permanent  Construction  —  Construction  Contracts 
Contract  No.     5,  Cordaville  Pipe  Line  . 
Contract  No.     6,  Cordaville  Pumping  Station 
Contract  No.     7,  Hopkinton  Pipe  Line  . 
Contract  No.  11,  Ashland  Pipe   Line 
Contract  No.  13,  Whitehall  Pipe  Line  . 
Contract  No.  16,  Whitehall   Open   Channel   . 


Total  Contracts 


P.D.  147. 


Year  ending 
Nov.  30,  1930 

Total  to 
Nov.  30,  1930 

$0.00 
0.00 
0.00 

$215.33 

567.87 

52.80 

$  —  200.00 

$44,235.07 

$360.57 

0.00 

3.31 

11,150.00 

122.09 

$2,174.81 

116.87 

3.31 

27,638.22 
122.09 

$11,635.97 

$30,055.3C 

$120.50 

0.00 

25,000.00 

$990.0C 

212.66 

49,550.0C 

$25,120.50 

$50,752.66 

racts: 

$0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

$83,262.86 
17,385.0-' 

134,365.7; 

130,145.3.' 
60,603.1: 
32,695. 1( 

$0.00  $458,457.3( 


Permanent  Construction  —  Except  Construction  Contracts 

Installed  Equipment         .                  .         .         .  $0.00 

Miscellaneous    Expense    .....  0.00 

Labor       .         .         .         .                 .         ,         .  0.00 

Materials  of  Construction       ....  0.00 


$7,960.5: 

2,758.7' 

1,011.0( 

207.0' 


Total 


$0.00 


$11,937.3 


Total     Southern     Sudbury     Emergency 


Supply  . 


$36,663.27  $637,502.4' 


Summary 


Wachusett-Coldbrook  Tunnel  Division 
Coldbrook-Swift  Tunnel  Division  . 
Swift  River  Reservoir  Division 
Southern  Sudbury  Emergency  Supply 
Unassigned      .         .         .         . 


$3,429,656.97 

18,360.86 

1,029,578.18 

36,663.27 

—  361.67 


$10,075,574.3; 

117,910.1) 

4,909,987.7. 

637,502.4' 

645.2 


Grand    Total $4,513,897.61     $15,741,619.9- 

Receipts  from  Rents,  Sales,  etc. 


Receipts  from  Sales 
Receipts  from   Rents 
Miscellaneous  Receipts 

Total   Receipts 


$20,316.76 

45,716.19 

416.52 


$49,513.3 

103,681.5 

526.9 


$66,449.47  $153,721.7 
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CANVASS    OF   BIOS    FOR    CONTRACT   NO.  26, 
Opened     Sept  23,  1930. 

COMMONWEALTH       OF     MASSACHUSETTS 
METROPOLITAN     DISTRICT    WATEP    SUPPLY    COMMISSION 

CONTRACT    26. 

furnishing     and     installing 
Power     and    Lighting*     Wiring,  and    Electrical    Equipment 
at   the    Outlet  Works    at   Shaft  I,  or  the 

Wachusctt-  Coldbrook     Tunnel 
in 
The   Town      or     West    Boylston. 

No. 

Contractor 

Amt.opBid. 

/, 

Anderson -Coffey  Co.  Inc.,                           % 
80  Boy/ston  St.,     Boston,  Mass. 

*B,b50.00 

2 

Connor  Electric  Corph., 
12  Pearl  St,  Boston,  Mass. 

8,950.00 

3. 

Lord  Electric  Co.  Inc., 

301  Columbus  Ave.,  Boston,  Mass. 

9,893.00 

4 

Sward  Bros.,  Inc., 

17-/9  Mystic  St,  Arlington,  Mass., 

9,950.00 

5. 

Coghlin   Inc., 

Z80  Main  St,  Worcester,  Mass., 

9,965.00 

6. 

H  M.Haley  Electric  Co.,  inc., 
165  Pear  1  St,  Boston,  Mass., 

10,145.00 

7. 

Car /e  ton -Mace  Engineering  Corp., 
252  Dover  St,  Boston,  Mass., 

13,505.00 

The  following    was  on  informal  bid  sent  in  a  fetter  dated  9-23-30. 

Hixon  Electric  Company, 
22  El  kins  St.,  Boston,  Mass. 

*I0,900.00 

^ Contract  awarded  Sept  23,1930. 

Contract  executed  Sept 24, 1930. 

fire^ 


B  B    Hi 

■         ■;•■*—■■■■  BWB«i^BBBHBftg    Raft^ 

Ba  BiBBHBl  HHHHH  BH     bKBlB 
HHIBH  WaSfS^SSSaEmSm  HB&3S 

HRfll  ^■HbHHHhII 

■BffiH'^w^^''       BBBBBBBH   WMSWBW 

BBSnBBHBBnBBBBB^^BflBHBBBI  oH 

BBBBBBBBl 


BH 


■J 


llfj&i       SPPfiBf£^i^mi9^ffiiK 

B$    HI  H     vVifiB  H       wSmsft 

^Kraa^SiMvlliPSl        BBBBH 

Ben 

BHBB       fii&fiNF.  BH   BB 

■B   P^HFBBMIHBmMBBBHWH     HHB 

■  '  IBM  "        rJ/*&£     BSS3 


HOK 


ffjno 


•  ■ 


Snt 


HIHHHVHBHH9NI 

Byi  KflSf^^S  Hi 

*fis£  *fi8R?  jr«i>        5a£ 

Jr^^SSSisB     BBS 

NEf 'ufig         Taut  ^^^^h 


1 


BB  NS 


lKx£$U 


k  KBB  mm  ';  I  ■  BH    lift  &2S& 
fm  mm    ■W3BH1M     BBBB 

mm  H    KISS     K$II3Er$ 

Iti ■  •   ■  *t  I  /ffljM-V  ■■■■■■«■■ 


■■       ■■■■■ 

BaB 

BB    BBm_ 
BH 

■BnBH  I  HH  - 1 


bHI 

^BBB   EffleSSsra 

"    V"..  . .\V>V<  VM.>fc. 


